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Description 

Technical Field of the Invention 

5 The present invention is in the technical field of dispersion polymerization, and in particular dispersion polymeriza- 
tion of ethylenically-unsaturated monomers to produce water-soluble polymers. Especially, the present invention refers 
to a process for preparing a water-continuous dispersion of a water-soluble polymer that has not only a low end-product 
viscosity and permits rapid dissolution of the polymer in water but also provides control over the peak-in production vis- 
cosity parameter. 

10 

Background of the invention 

Water-soluble synthetic polymers are widely used as flocculating agents, dehydrating agents, papermaking chem- 
icals, dispersants, soil improvers, and the like. The polymers are hydrophilic due to the present of ionic and/or highly- 

i5 polar mer units within their polymeric structure. Water-soluble polymers may be anionic, cationic, amphoteric or polar- 
nonionic (such as polyacryfamide). Water-soluble polymers generally have weight average molecular weights of at least 
about 1 ,000, and commonly much higher, and of course do not have water solubility characteristics comparable to inor- 
ganic salts such as sodium chloride. Instead aqueous solutions of water-soluble polymers often are significantly vis- 
cous at polymer concentrations of even 5 or 10 weight percent. When these polymers are used in aqueous systems as 

20 flocculants, dispersants and the like, their use concentrations are typically very low, and often as low as several parts 
per million (ppm) or even parts per billion (ppb). When used at low concentrations the viscosity problems seen at higher 
polymer concentrations are, of course, not encountered. 

An optimal polymerization technique is one that both is itself commercially practicable and produces a polymer in 
a form best suited for the commerciaJ use of the polymer, including commercial factors such as storage and shipping of 

25 the polymer product. When the intended commercial application of the polymer is dependent at least in part on the pol- 
ymer's water-solubility, the ease of solubilization/dispersion of the polymer in the use environment and/or polymer feed 
fluid is often a primary factor, but nonetheless generally not a factor that wholly outweighs other commercial practicali- 
ties. Commercial polymerization techniques generally include polymerization of monomers in solution, in suspension, 
held within an emulsion or in bulk (neat), each of which have advantages and disadvantages as to the polymerization 

30 process, the form in which the product is supplied, the extraneous materials contained in the polymer product and the 
ease of solubilization/dispersion required for use, discussed below. 

Water-soluble polymers are seldom supplied as water solutions because of the relatively high viscosities of the 
solutions at relatively low polymer actives. If the viscosity of such a solution is sufficiently low for the intended disper- 
sion, the polymer concentration is almost always too low for storage and shipment without extravagant costs and labor 

35 and energy outlays. Solution polymerization to provide a polymer solution without further processing is for this and other 
reasons not normally the polymerization technique of choice. Solution polymerization to provide a polymer in other than 
solution form requires either the solvent to be dried or stripped off or the polymer to be precipitated out of the solution, 
all of which require undesirable additional processing steps. 

Polymers are sometimes supplied as dry powders (typically from about 85 to about 95 wt percent actives), which 

40 concentrated form of a polymer reduces the storage/transport burdens, but requires additional processing, and the 
attendant time, labor and energy expenditures, at both the manufacturing and application ends. Dry polymer powders 
must be recovered from some type of vehicle or solvent by some type of drying or stripping process, and later require 
solubilization/dispersion processing before use. Not only is energy consumed in drying the polymer at elevated temper- 
atures, but also the heating can bring about a three-dimensional polymer crosslinking, creating water-insoluble por- 

45 tions. Using a dry polymer to prepare, for instance, a polymer feed solution often requires a slow addition of the polymer 
to the water, followed by extended agitation and/or aging time periods. When the dry form is desired, a suspension 
polymerization technique will generally provide a polymer most easily recovered from the polymerization medium with 
the minimum of extraneous materials, but such suspension polymerization commonly uses as the hydrophobic solvent 
flammable substances such as cyclohexane, toluene and the like, and again a significant cost is required for the recov- 

so ery energy and apparatus. The desire for a relatively unadulterated polymer is an underlying reason why polymers in 
dry form are nonetheless selected. 

Polymerization without a solvent or fluid vehicle, for instance by bulk homogeneous polymerization or photopolym- 
erization of a neat admixture of monomers, will produce a solid polymeric mass, and not a high surface area powder. 
Solid masses of polymers are of course even more difficult to solubilize/disperse. Bulk polymerization techniques are 

55 routinely limited to polymers used as the solid mass produced, and are not used for producing easily solubilized water- 
soluble polymers. 

An emulsion that contains a polymer in its dispersed phase is often a convenient medium for a polymer-containing 
product. An emulsion frequently can hold a reasonably high concentration of a polymer while remaining fluid, and the 



2 



EPO 630 909 B1 



large surface area of the dispersed phase helps the eventual solubilization or dispersion of the polymer. Moreover many 
polymers can be conveniently prepared by an emulsion polymerization, providing the desired emulsion form without fur- 
ther processing. Emulsion polymerization techniques of both the water-continuous type and the water-in-oil type are 
known. 

5 A water-continuous emulsion polymerization uses an oi!-in-water emulsifier with the polymer being formed in 
micelles. It will provide a substantially oil-free latex, but it is not suitable for most polymers within the water-soluble cat- 
egory because the starting monomers must be water-insoluble or only slightly water-soluble monomers. The resultant 
latex will also contain the oil-in-water emulsifier required for micelle formation and stability. 

Water-in-oil latices of water-soluble polymers derived from water-soluble monomers are well known and are 

10 described, for instance, in US. Patent No. 3,284,393, (issued November 8, 1966, Vanderhoff et al.), and U.S. Patent 
No. Re. 28,474, (reissued July 8, 1974, D. R. Anderson and A. J. Risque). The latices may be formed by oil-in-water 
polymerization or dispersion of preformed polymer in an oil-in-water emulision. Either method provides a water-in-oil 
latex or emulsion that can be stored and transported in latex form and subsequently introduced into a convenient quan- 
tity of water and inverted. The inversion releases the dispersed-phase polymer which is rapidly dispersed. The water- 

15 in-oil emulsions, and the polymerization or dispersion processes by which they are preferably produced, have met with 
great commercial success world-wide. Moreover, polymers of very high molecular weights, for instance weight average 
molecular weights exceeding five or ten million or higher can often be prepared using a water-in-oil emulsion polymer- 
ization technique, and water-soluble high molecular weight polymers have also met with world-wide commercial suc- 
cess, for instance in the water-treatment field. 

20 One disadvantage inherent in the use of a polymer commercially supplied as a water-in-oil emulsion is that inver- 
sion of the emulsion into the intended feed solution or precursor thereto introduces not only the polymer, but also the 
oil and surfactants used in the emulsion polymerization. As noted above, the desire for a relatively unadulterated poly- 
mer is often a reason polymers in dry form are selected. The oil phase may comprise 20 weight percent or more of the 
latex Isolation of the polymer from the oil, surfactants and any other nonaqueous components of the emulsion before 

25 use is generally not commercially reasonable because the additional processing would erase the advantages provided 
by this form of a polymer product Another disadvantage in the use of a water-in-oil emulsion is that the inversion 
requires inverting agents (water-soluble surfactants), which increase the amount of extraneous substances being 
charged to polymer feed solution and thus to the aqueous or other commercial system in which the polymer is used. 
Inversion also requires additional processing equipment, typically at the site of use of the emulsion. The water-in-oil 

30 type emulsion can be flammable. The organic materials employed as the continuous oil phase are consumed although 
they generally are unnecessary to the use application, and this waste of an expensive raw material is a negative factor 
as to the cost efficiency of the water-in-oil type emulsion. The organic materials employed as the continuous phase can 
be undesirable impurities in the use system for environmental or other reasons, and there is an increasing commercial 
demand for oil-free polymers that are environmentally acceptable. These disadvantages in preparing and/or using a 

35 water-in-oil emulsion are increasing the commercial need for oil -free polymers that possess the advantages normally 
derived only from the water-in-oil emulsion form. 

In a conventional precipitation polymerization in an aqueous salt solution, the polymer particles tend to adhere to 
each other as formed and thus enlarge into oversize masses, making handling very difficult. The resultant dispersion is 
stable only under pH conditions that suppress ion disassociation, and gels when a polymer's ionic groups are dissoci- 

40 ated. An ionic polymer generally manifests its intended activity by ionic group disassociation and polymer chain exten- 
sion, and does not have a satisfactory activity unless it is neutralized upon use or used in a solution at a high pH for 
anionic polymers or low pH for cationic polymers. Furthermore, it is difficult for this process to produce a polymer having 
a degree or ionization of 15 mole percent or less which is a most effective charge density for many applications. 
A precipitation polymerization for preparing a water-soluble polymer is described in U.S. Patent No. 4,380,600, 

45 (April 19, 1983. Hosoda. et al.). It uses a water-soluble polymer (depositing polymer) as the precipitation medium. The 
precipitation effect of the depositing polymer is poor and thus a large amount of the depositing polymer is required to 
insolubilize the desired water-soluble polymer. As exemplified, the amount of water-soluble polymer used in the polym- 
erization reaction mixture at times well exceeds the amount of polymer being formed thereby. 

Highly advantageous processes for a dispersion polymerization to produce water-soluble polymers in dispersion 

so form are disclosed in U.S. Patent No. 4,929,655. (issued May 29, 1990. Hisao Takeda and Mutsumi Kawano). U.S. Pat- 
ent No. 5,006,590, (issued April 9, 1991, Hisao Takeda and Mutsumi Kawano), and European Patent Application No. 
85308398.8, Publication No. 0 183 466, (published June 4, 1986, H. Takeda and M. Kawano). These processes are 
described below. 

In U.S. Patent No. 4,929,655, water-soluble monomers, optionally including up to 95 mole percent (meth)acryla- 
55 mide, are polymerized in a multivalent anionic salt aqueous reaction mixture containing a cationic water-soluble poly- 
mer (described in more detail therein). The multivalent anionic salt is an agent that causes the forming polymer to 
deposit from the solution. A multivalent alcohol, such as glycerin or ethylene glycol, is used at times to enhance the pol- 
ymer deposition. The cationic water soluble polymer present in the reaction medium is described as a dispersant for the 
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forming polymer particles, and it should be used in the amount of from 1 to 1 0 weight percent based on the total weight 
of the monomers. If the concentration of this polymer is below this 1 weight percent minimum, the polymer dispersion 
does not form. The concentration of the monomers in the polymerization reaction medium is described as suitably 
within the 5 to 30 percent by weight range. The preparations of polymer dispersion products having viscosities of from 

5 about 500 to about 2,900 mPa - s (cps) are exemplified, and in the latter instance the viscosity was reduced by a post- 
polymerization addition of further multivalent anionic salt. The time required for dissolution of these polymers in the 
preparation of 0.2 percent polymer solutions was only 20 minutes using these dispersions at 10 to 15 % polymer con- 
centrations. In contrast, dissolution of a commercially available powdery polymer (95 % actives) to provide a 0.2 percent 
polymer solution required 60 minutes using the same agitation conditions. 

10 In U.S. Patent No. 5,006,590, water-soluble monomers are polymerized in an aqueous solution of a multivalent ani- 
onic salt containing two water-soluble cationic polymers, one of which is insoluble in the multivalent anionic salt solution 
and one of which is soluble in the multivalent anionic salt solution (described in more detail therein). The polyvalent ani- 
onic salt is included to precipitate the forming polymer from solution and the precipitation is controlled to give fine par- 
ticles of the polymer. (This salting-out is based on the "Hofmeister Series Principles".) At times a polyhydric alcohol 

is such as glycerin or ethylene glycol will further improve the polymer precipitation. The two cationic water soluble poly- 
mers present in the reaction medium are described as together comprising a dispersant for the forming polymer parti- 
cles, and they should each be used in the amount of from 1 to 10 weight percent based on the total weight of the 
monomers. The concentration of the monomers in the polymerization reaction medium is described as suitably within 
the 5 to 30 percent by weight range. The preparation of polymer dispersion products having viscosities of from about 

20 500 to about 3,200 mPa * s (cps) (before post-polymerization additions of further multivalent anionic salt) are exempli- 
fied. The reduction of dispersion viscosity to 1000 mPa • s (cps) or lower by a post-polymerization addition of further 
multivalent anionic salt is preferred for workability. 

The dispersion polymerizations disclosed in U.S. Patent No. 4,929,655 and U.S. Patent No. 5,006,590 provide 
advantages of the water-in-oil emulsion polymerizations discussed above, including rapid dissolution of the polymers 

2$ when preparing dilute aqueous solutions thereof, without the disadvantages of a continuous oil phase, the use of a con- 
ventional surfactant for stability and the need for inversion to release the polymers from the dispersed phase. When the 
higher monomer concentrations are used, for instance concentrations of about 15, or 20 weight percent and higher, the 
in-production viscosity peaks are too high for normal production equipment. Lower monomer concentrations may 
relieve the in-production viscosity peak problems, but diminish the concentration of polymer in the product dispersion. 

30 In European Patent Application No. 85308398.8 (EP-A-0 183 466) similar dispersion polymerization processes for 
preparing cationic, anionic and nonionic water-soluble polymers are described. 

It is an object of the present invention to provide a dispersion polymerization that provides the advantages of the 
water-in-oil emulsion polymerizations discussed above, including a high polymer content and a rapid dissolution of the 
polymers when preparing dilute aqueous solutions thereof, without the disadvantages of a continuous oil phase, the use 

35 of a conventional surfactant for stability and the need for inverters to release the polymers from the dispersed phase, it 
is an object of the present invention to provide such a dispersion polymerization that does not undergo excessively high 
in-production viscosity peaks, ft is an object of the present invention to provide such a dispersion polymerization proc- 
ess wherein the in-production viscosity peaks are sufficiently moderate to be compatible with normal production equip- 
ment, ft is an object of the present invention to provide a dispersion polymerization process wherein excessively high 

40 in-production viscosity peak problems are relieved and thus the viscosity peaks do not diminish the concentration of pol- 
ymer in the product dispersion. These and other objects of the present invention are discussed in detail below. 

Disclosure of Invention" 

45 The above objects are achieved according to the present invention by a polymerization process wherein a water- 
soluble polymer is prepared in the form of a water-continuous dispersion comprising the polymerization of water-soluble 
monomer in an aqueous reaction mixture wherein a portion of the monomer employed is fed to the reaction mixture 
after the polymerization reaction has been initiated. In more detail, the aqueous reaction mixture contains polyvalent 
anionic salt, at least one polymeric dispersant, optionally a low molecular weight polyhydric organic alcohol and option- 
so ally a preformed polymer seed, wherein the water-soluble monomer, polyvalent anionic salt, polymer dispersant and 
polyhydric organic alcohol (if any) are solutes of the aqueous reaction mixture, the preformed polymer seed (if any) is 
insoluble in the reaction mixture, preferably in fine particle dispersion form, and the polymer formed is insoluble in the 
reaction mixture at the concentration thereof formed during the polymerization. 

Accordingly, the subject-matter of the present invention is a process for preparing a water-continuous dispersion of 
55 a water-soluble polymer that has not only a low end-product viscosity and permits rapid dissolution of the polymer in 
water but also provides control over the peak-in production viscosity parameter, the process comprising 

polymerizing a water-soluble monomer in an aqueous reaction mixture, containing a polyvalent anionic salt, at least 
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one polymeric dispersant, optionally a low molecular weight polyhydric organic alcohol and optionally a preformed 
polymer seed, 

wherein said water-soluble monomer, said polyvalent anionic salt, said polymeric dispersant and said polyhydric 
organic alcohol, if any, are solutes of said aqueous reaction mixture, and said preformed polymer seed, if any, is 
5 insoluble in said aqueous reaction mixture, 

wherein the water-soluble polymer formed during said polymerization is insoluble in the aqueous reaction mixture 
at the concentration thereof formed during the polymerization, and 

wherein a portion of said monomer is fed to said aqueous reaction mixture after said polymerization reaction has 
been initiated. 

10 

According to preferred embodiments of the process of the present invention: 

at least 5 weight percent of said water-soluble monomer is present in said aqueous reaction mixture when said 
polymerization is initiated, the remainder of said monomer being added to said aqueous reaction mixture during 
is said polymerization; 

the water-soluble polymer formed during said polymerization has a weight average molecular weight of at least 
about 1,000; 

20 the concentration of said water-soluble monomer in said aqueous reaction mixture at the time said polymerization 
process is initiated is from 3 to 30 weight percent based on the total weight of said aqueous reaction mixture at the 
time of said polymerization, and 

the remainder of said monomer is added to said reaction mixture within the first half of the total polymerization reac- 
ts tion time period. 

According to a further preferred embodiment the process of the present invention comprises 

polymerizing said water-soluble monomer feed in an aqueous solution of said polyvalent anionic salt in the pres- 
30 ence of a water-soluble polymeric dispersant which is soluble in said aqueous solution of a polyvalent anionic salt; 
wherein the conditions of said polymerization are sufficient to polymerize said monomer feed to a water-soluble 
polymer that is insoluble in said aqueous solution of a polyvalent anionic salt; and 

wherein only a portion of said monomer feed is present in said aqueous solution of a polyvalent anionic salt when 
said polymerization is initiated, the remainder of said monomer feed being added to said aqueous solution of poly- 
35 valent anionic salt during said polymerization process, and 

wherein said water-soluble polymeric dispersant and water-soluble polymer prepared by said polymerization proc- 
ess are both cationic polymers. 

According to preferred embodiments of the above process: 

40 

at least 5 weight percent of said monomer feed is present in said aqueous solution of a polyvalent anionic salt at 

the time polymerization thereof is initiated, and at least 15 weight percent of said monomer feed is added to said 

aqueous solution of polyvalent anionic salt during said polymerization process; 

45 the aqueous solution of polyvalent anionic salt contains at least a polymer-insolubility-threshold concentration of 
said monomer feed at the time said polymerization process is initiated whereby a concentration of said monomer 
feed that is equivalent to at least the minimum concentration of said monomer feed's polymeric reaction product at 
which precipitation of said polymeric reaction product will be seen in said environment of said aqueous solution of 
a polyvalent anionic salt at the time of said polymerization initiation; 

50 

the reaction mixture contains at least 3 weight percent of said monomer feed at the time said polymerization is ini- 
tiated; 

the concentration of said monomer in said aqueous solution of a polyvalent anionic salt at the time of polymeriza- 
55 tion initiation is from n to 20 n, wherein n is said polymer-insolubility-threshold concentration for such monomer feed 
in said reaction mixture; and 

the portion monomer feed added to said aqueous solution of a polyvalent anionic salt after said initiation of said 
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polymerization is added within the first half of the total polymerization reaction time period and is fully added within 
a time period of from 0.025 m to 0,25 m, wherein m is said total time period of said polymerization reaction. 

According to an other preferred embodiment the process of the present invention for preparing a water-continuous 
5 dispersion of a water-soluble cationic polymer by polymerizing a water-soluble monomer feed to form a water-soluble 
cationic polymer in an aqueous polymerization mixture in which said water-soluble cationic polymer is not fully soluble, 
comprises: 

feeding said water-soluble monomer to said polymerization reaction mixture by a first and a second technique, 
w said first technique being a batch technique comprising the addition of a portion of said water-soluble monomer to 
said aqueous polymerization mixture as an initial monomer feed before polymerization is initiated, 
said second technique being a post-initiation technique whereby a portion of said water-soluble monomer is added 
to said aqueous polymerization mixture as a post-initiation monomer feed, 

initiating said polymerization at a time when said initial monomer feed is present in said aqueous polymerization 
is mixture, 

wherein said aqueous polymerization mixture is comprised of an aqueous solution of a polyvalent anionic salt 
wherein said polymerization is carried out in said presence of a water-soluble cationic polymer which is soluble in 
said aqueous solution of a polyvalent anionic salt, 

continuing said polymerization during the time said post-initiation monomer feed is added to said polymerization 
20 reaction mixture, and 

terminating said polymerization when at least about 95 weight percent of said monomer has been converted to pol- 
ymer. 

According to preferred embodiments of the above process: 

25 

a polyhydric alcohol in the amount of from 0 to 1 0 parts by weight per hundred parts by weight of said total mono- 
mer feed is present in said aqueous polymerization mixture when polymerization is initiated; 

the polyvalent anionic salt is present throughout said aqueous polymerization mixture in an amount of from 15 to 
30 20 percent by weight based on the total weight of said reaction mixture at any given point during said polymeriza- 
tion reaction; 

the polymeric dispersant is present in said aqueous polymerization mixture in an amount of from 2 to 10 parts by 
weight per 100 parts by weight of said total monomers feed, and has a weight average molecular weight of at least 
35 about 50,000; 

the water-soluble monomer feed contains at least 5 mole percent of a cationic monomer of formula I 



Cr^= C - R 1 




Forr.da I 

50 

wherein 

Ri is H or CH 3 ; 

55 R 2 and R 3 are each independently an alkyl group having 1 or 2 carbon atoms; is an oxygen atom or NH; 

Bj is an alkytene group having from 2 to 4 carbon atoms or a hydroxypropylene group and 
Xi e is a counter anion; 
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the polymeric dispersant is present in said aqueous polymerization mixture in an amount of from 2 to 10 parts by 
weight per 100 parts by weight of said water-soluble monomer feed; 

the monomer feed is comprised of at least 5 mole percent of cationic monomer of said formula I and the balance 
5 of said monomer is acrylamide, methacrylamide. a cationic monomer other than said cationic monomer of said for- 
mula I or combinations thereof; 

the polymeric dispersant is comprised of at least 20 mole percent of cationic mer units; 
w the polymeric dispersant contains at least 20 mole percent of cationic mer units represented by formula Ha 

> 

-r C - C -7- Rs 



20 



25 



I 



I 



0 - C - A,' - B/ - N 0 - R,' • -X, 



I 

IV 



Formula Ha 



wherein 



30 FV is H Oder CH 3 ; 

R 5 * und R 6 l are each an alkyl group having 1 or 2 carbon atoms; 
R 7 ' is a hydrogen atom or an alkyl group having 1 to 2 carbon atoms; 
A2* is an oxygen atom or NH; 

B2 is an alkylene group having from 2 to 4 carbon atoms or a hydroxypropylene group and 
35 X^ 6 is a counter anion; and 

the monomer feed is from 1 5 to 45 percent by weight based on the total weight of said polymerization reaction mix- 
ture at the time said polymerization is terminated, excluding post-polymerization additives. 

ao Preferred Embodiments of the Invention 

The enormous advantages of the unique dispersion polymerizations disclosed in U.S. Patent No. 4,929,655, U.S. 
Patent No. 5,006,590 and European Patent Application No. 85308398.8 (EP-A-0 183 466) are lessened by the cost of 
extraordinary production equipment required, and the energy consumed thereby to produce a dispersion having a high 

45 concentration of end-product polymer actives. The unique advantages of these processes are also lessened when 
alternatively a 15 or 20 weight percent limitation is placed on monomer concentration to avoid such in-production vis- 
cosity problems which are experienced even in custom-made reactors. When monomer concentrations of about 15, or 
20, weight percent and higher are employed in these dispersion processes, the in-production viscosity peaks are too 
high for normal commercial production equipment The cost of commercial-scale equipment that can operate despite 

so the extreme in-production viscosity peaks is inordinate and itself severely diminishes the commercial value of these dis- 
persion processes. The alternative use of lower monomer concentrations of course reduces the polymer production 
rate per unit production capacity and lowers the concentration of polymer in the product dispersion. The multivalent ani- 
onic salt concentration can be increased to reduce viscosity after completion of the polymerization, but not during the 
dispersion polymerization. An excessive concentration of the multivalent anionic salt will result in rapid precipitation of 

55 the cationic water-soluble polymer. The higher rate of precipitation in comparison to the rate of stabilization will lead to 
agglomeration of the particles and will result in gel formation. 

The present invention in broad embodiment is a process for preparing an aqueous dispersion of water-soluble pol- 
ymer by a dispersion polymerization technique that reduces the peak in-production viscosity parameter without loss of 
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any of the advantages of these known dispersion polymerization methods. The present invention so alleviates the in- 
production viscosity peaks that standard commercial production equipment can be used despite a high monomer 
charga In this process a water-soluble monomer feed is polymerized in an aqueous solution of a polyvalent salt the 
polymerization is carried out in the presence of a water-soluble polymer which is soluble in the aqueous solution of poly- 

5 valent anionic salt and preferably at least 10 or 15 parts by weight per hundred parts by weight of the water-soluble 
monomer feed is present in the polymerization reaction mixture when the polymerization is initiated, the remainder 
being added during the polymerization, incrementally or otherwise. 

The polymer formed during the process of the present invention precipitates from, or deposits out of, the polyvalent 
anionic salt-containing reaction mixture and by such deposition forms a dispersion of end-product polymer. At the time 

10 of polymerization initiation and thereafter during the polymerization reaction, a polymer which is insoluble in the aque- 
ous solution of a polyvalent salt, but is a nonetheless water-soluble, optionally may be present as a polymer seed dis- 
persion. Instead when the polymer is formed from an initial monomer charge a polymer seed dispersion is formed in 
situ . The process of the present invention, however, does not result in an ever-accumulating deposit of polymer on pol- 
ymer. Such a mechanism would inevitably lead to excessively high polymer particle sizes. It is believed that in the 

is present process monomer and/or forming polymer chains diffuse into the polymer particles and polymerize therein, 
rather that polymerizing within the aqueous phase of the reaction mixture and then depositing therefrom, but the 
present invention is not limited to this mechanism theory. Instead the ultimate advantageous results provided by the 
present invention have been demonstrated. 

In preferred embodiment, the present invention is a dispersion polymerization of ethyl enically-unsaturated mono- 

20 mers to produce water-soluble polymers. The polymers produced are water-soluble due to the presence of ionic and/or 
highly-polar mer units within their polymeric structure. These water-soluble polymers may be anionic, cationic, ampho- 
teric or polar-nonionic {such as polyacrylamide). These water-soluble polymers generally have weight average molec- 
ular weights of at least about 1,000, and commonly much higher. Aqueous solutions of these water-soluble polymers 
often are significantly viscous (viscosities of 2000 mPa • s (cps) Brookf ield or higher) at polymer concentrations of even 

25 5 or 1 0 weight percent. The present invention provides a polymerization technique for preparing water-soluble polymers 
that is both is itself commercially practicable and produces a polymer in a form best suited for the commercial use of 
the polymer, including commercial factors such as storage and shipping of the polymer product. The water-soluble pol- 
ymer dispersions provided by the process of the present invention also provide ease of solubilization/dispersion of the 
polymer in the use environment and/or polymer feed fluid, sans extraneous materials contained in the polymer product 

30 or whose addition is required thereafter. 

The present invention provides a dispersion polymerization having the advantages of the water-in-oil emulsion 
polymerizations discussed above, including a high polymer content and a rapid dissolution of the polymers when pre- 
paring dilute aqueous solutions thereof, without the disadvantages of a continuous oil phase, the use of a conventional 
surfactant for stability and the need for inverters to release the polymers from the dispersed phase. The present inven- 

35 tion provides such a dispersion polymerization that does not undergo excessively high in-production viscosity peaks. 
The present invention provides such a dispersion polymerization process wherein the in-production viscosity peaks are 
sufficiently moderate to be compatible with normal production equipment and thus the in-production viscosity peaks do 
not diminish the concentration of polymer in the reaction mixture or the product dispersion. 

The present invention in a broad embodiment is a process for preparing an aqueous dispersion of water-soluble 

40 polymer that has not only a low end-product viscosity and permits rapid dissolution of the polymer in water, which pol- 
ymer may have a high molecular weight, which process most significantly provides control over the peak in-production 
viscosity parameter. In this process: 



(1) a water-soluble monomer feed is polymerized in an aqueous solution of a polyvalent anionic salt; 
45 (2) the polymerization is carried out in the presence of a water-soluble polymer which is soluble in the aqueous 
solution of polyvalent anionic salt; 

(3) the polymerization parameters are sufficient to polymerize the monomer feed to a polymer that is insoluble in 
the aqueous solution of polyvalent anionic salt; and 

(4) most significantly, only a portion of the monomer feed is present in the polymerization reaction mixture when the 
so polymerization is initiated, the remainder being added after polymerization initiation and before polymerization ter- 
mination (during the polymerization process). 

In broad embodiment, at least 5 parts by weight per hundred parts by weight of the total monomer feed is present 
in the reaction mixture at the time polymerization thereof is initiated, and at least 15 parts by weight per hundred parts 
55 by weight of the total monomer feed is added to the reaction mixture after aforesaid polymerization initiation. In pre- 
ferred embodiment, at least 10 parts by weight per hundred parts by weight of the total monomer feed is present in the 
reaction mixture at the time polymerization thereof is initiated, and at least 20 parts by weight per hundred parts by 
weight of the total monomer feed is added to the reaction mixture after aforesaid polymerization initiation. 
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In another preferred embodiment the reaction mixture contains at least a polymer-insolubility-threshotd concentra- 
tion of the monomer to be polymerized at the time polymerization thereof is initiated. By *polymer-insolubility-threshold 
concentration" is meant herein a concentration of the monomer that is equivalent to the minimum concentration of its 
polymeric reaction product at which precipitation of such polymeric reaction product will be seen in the environment of 

5 the given aqueous polyvalent anionic salt solution at the time of the polymerization initiation. Such polymer-insolubiDty- 
threshdd amount preferably is determined for a polymer of substantially the same mer units, substantially the same 
mole ratio of mer units and substantially the same weight average molecular weight, or intrinsic viscosity ("IV) or 
reduced specific viscosity ("RS\0. as the polymer that is being prepared. A polymer deviating to a degree of about 10 
percent as to one or more of these parameters is believed within the "substantially same" category. The environment of 

to the given aqueous polyvalent anionic salt solution at the time of the polymerization initiation includes the composition 
parameters, such as the type and concentration of solutes, colloidal or solid materials in the solution, and physical 
parameters such as pressure and temperature. The presence of a polymer-insolubility-threshold concentration of mon- 
omer in the reaction mixture at the time of polymerization initiation will provide a concentration of polymeric reaction 
product that is at least close to its solubility limit in the aqueous polyvalent anionic salt solution when the polymerization 

is has proceeded to about 30 percent conversion of monomer to polymer, without any further addition of monomer 
(although the present invention does not exclude the addition of further monomer before such degree of conversion has 
occurred). The presence of a polymer-insolubility-threshold concentration of monomer in the reaction mixture at the 
time of polymerization initiation is, as noted above, a preferred minimum, and neither an absolute minimum nor in any 
given polymerization process necessarily the optimal initiation condition. 

20 In some preferred embodiments, the polymer prepared by the process of the present invention has a polymer-insol- 
ubility-threshold concentration of 3 weight percent or less, and the reaction mixture contains at least 3 weight percent 
of the monomer to be polymerized at the time polymerization thereof is initiated. This 3 weight percent minimum is com- 
parable to, or higher than, the polymer-insolubility-threshold concentration for the polymer being prepared. For such 
preferred embodiments, and other embodiments, the monomers may be selected to provide a polymer of a desired pol- 

25 ymer-insolubility-threshold concentration in a given reaction mixture, or the reaction mixture components can be 
selected so that the desired polymer has a polymer-insolubility-threshold concentration within the desired range. 

There is not believed to be any definitive minimum polymer-insolubiiity-threshold concentration and instead the 
constraints thereon are more apt to be the requirements that the monomer(s) be soluble in the aqueous polyvalent ani- 
onic salt solution at their concentration therein at polymerization initiation and that their concentration at polymerization 

30 initiation be sufficiently high to provide a reasonably efficient free radical polymerization. (Free radical polymerizations 
are chain reactions that are initiated by the formation of free-radical monomers which react with other monomers. A 
growing polymer chain has a free radical end group, and the growth of the polymer chain is terminated when that end 
group reacts with another free radical. This chain-reaction polymerization mechanism is well known to those of ordinary 
skill in the art, and whether or not a reasonably efficient free radical polymerization is provided is easily determined by 

35 known methods or theoretically by those of ordinary skill in the art.) A polymer having an extremely low polymer-insol- 
ubility-threshold concentration, for instance of about 0.1 weight percent or less, is likely to include some mer units 
derived from a monomer that has an undesirably low solubility in the aqueous polyvalent anionic salt solution in ques- 
tion. 

In other preferred embodiments, the concentration of the monomer(s) in the reaction mixture at the time of polym- 

40 erization initiation is from about n to about 20 n, wherein n is the polymer-insolubility-threshold concentration for such 
monomer(s) in the given reaction mixture. 

In other preferred embodiments, the concentration of the monomer(s) in the initial reaction mixture at the time of 

polymerization initiation is from about 3 to about 30, or 35, weight percent regardless of the value of the polymer-insol- 
ubility-threshold concentration for such monomer(s) in the given reaction mixture. In more preferred embodiments, the 

45 concentration of the monomer(s) in the reaction mixture at the time of polymerization initiation is from about 6 to about 
25, or 30, weight percent regardless of the value of the polymer-insolubility-threshold concentration for such mono- 
mers) in the given reaction mixture. 

The reaction mixture of course must contain sufficient monomer and/or growing polymer chains to maintain the 
polymerization reaction from the time of initiation to the time of termination. There is no specific monomer concentration 

so value minimum that must be maintained in the reaction mixture after the polymerization is initiated provided the polym- 
erization does not terminate prematurely. The monomer not included in the reaction mixture at the time of polymeriza- 
tion initiation (the Tpost-in'rtiation monomer feed") may be added thereto in small increments, for instance dropwise over 
an extended time period, or it may be added to the in-production reaction mixture as fast the substantially homogene- 
ous dispersion of the monomer therein permits. A bulk addition of the monomer that interferes with the dispersion of 

55 monomer into and throughout the reaction mixture for any reason would be undesirable. 

The addition of the post-initiation monomer feed may begin immediately after polymerization initiation, or at a later 
time. In preferred embodiment the post-initiation monomer feed is added within the first half of the total polymerization 
reaction time period. In more preferred embodiment the post-initiation monomer feed is added within the second quar- 
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ter of the total polymerization reaction time period. 

in more preferred embodiment the post-initiation monomer feed is added within the first half of the total polymeri- 
zation reaction time period and is fully added within a time period of from about 0.025m to about 0.25 m, wherein m is 
the total time period of the polymerization reaction, and in further preferred embodiment the post-initiation monomer 

5 feed is added within the first half of the total polymerization reaction time period and is fully added within a time period 
of from about 0.05m to about 0.1m. In more preferred embodiment the post-initiation monomer feed is added within the 
second quarter of the total polymerization reaction time period and is fully added within a time period of from about 
0.025m to about 0.25 m, wherein m is the total time period of the polymerization reaction, and in further preferred 
embodiment the post-initiation monomer feed is added within the second quarter of the total polymerization reaction 

w time period and is fully added within a time period of from about 0.05m to about 0.1 m. 

The primary advantage of the process of the present invention is that it can reduce the bulk viscosity of the reaction 
mixture during the polymerization from an unmanageably high viscosity to a viscosity that is reasonably low, without an 
impossibly high loading of the polyvalent salt. The end-product, and the precursor reaction mixture after the forming pol- 
ymer begins to deposit out of solution, must remain stable dispersions. The reaction mixture before completion of the 

15 polymerization must contain a sufficient amount of the soluble polymer to provide a dispersing effect on the forming pol- 
ymer deposits and to prevent uncontrolled polymer particle growth and/or polymer particle agglomeration. The required 
presence of a soluble polymer in the reaction mixture prevents an unlimited concentration of the polyvalent anionic salt. 
The above preferred embodiments as to the time and speed of the addition of the post-initiation monomer feed enhance 
the bulk-viscosity reduction/control advantages of the present invention. 

20 The water-soluble monomer feed is thus charged to the polymerization reaction mixture by two techniques. The 
first technique is the addition of a portion of the water-soluble monomer feed to the polymerization reaction mixture 
before polymerization is initiated so that it is present in the reaction mixture when polymerization is initiated. This first 
technique is essentially a batch technique, regardless of whether the addition is in bulk or incrementally, and that por- 
. tion of the water-soluble monomer feed is referred to herein as the "initial monomer feed". The second technique a post- 
25 initiation technique, regardless of whether the addition is in bulk or incrementally, and that portion of the water-soluble 
monomer feed is referred to herein as the "post-initiation monomer feed". 

In preferred embodiment the mole ratio of monomers within the initial monomer feed and the post-initiation mono- 
mer feed are substantially the same (the mole percentage values of each monomer specie not varying more than about 
10 or 15 percent between the initial monomer feed and the post-initiation monomer feed). The mole ratio of monomers 

30 within the initial monomer feed and the post-initiation monomer feed need not be substantially the same and in fact 
there need not be an identity of monomer species between the initial monomer species and the post-initiation monomer 
feed. As the degree of variation as to mole ratios and/or monomer species increases, the degree of heterogeneousness 
of the polymer produced increases, particularly when the post-initiation monomer feed is commenced at a time later 
than immediately after polymerization initiation. Heterogeneous polymer products are not routinely commercially desir- 

35 able, but can be made by the process of the present invention, particularly when the extremes of polymer fractions have 
similar solubility properties in the reaction mixture. 

At the time of polymerization initiation, a water-soluble polymer that is insoluble in the aqueous solution of a poly- 
valent anionic salt may optionally be present as a preformed polymer seed, and when such preformed polymer seed is 
present it preferably is present in the form of a stable dispersion having a particle size comparable to, or less than, the 

40 maximum particle size of the polymer deposits formed by the process of the present invention. It is nonetheless a pre- 
ferred embodiment to eliminate such optional component and instead use as a "polymer seed" the polymer that is 
formed in situ from an initial monomer charge. When a preformed polymer seed is added to the polymerization reaction 
mixture prior to polymerization initiation, in preferred embodiment it is added to the polymerization reaction mixture as 
fine particles in a dispersed state, particularly in an aqueous solution of a polyvalent anionic salt 

45 The water-soluble polymer insoluble in an aqueous solution of a polyvalent anion salt is preferably a product pre- 
pared by the process of the present invention because the dispersions prepared according to the present invention 
have the desired low viscosity and fine particle size desired of such preformed polymer seed. Nonetheless a preformed 
polymer seed may be added as a viscous solution, which in situ deposits from the reaction mixture to form the pre- 
formed polymer seed. The characteristics of the preformed polymer seed (mer units, mole ratios, molecular weight, 

so degree of branching or cross-linking (parameters) may be, but need not always be, comparable to that of the polymer 
being made by the present process. When a preformed polymer seed is included in the reaction mixture, it preferably 
is used in amounts within the same range as that preferred for the soluble polymeric dispersant, that is, an amount of 
about 3 to 10 parts by weight per 100 parts by weight of the monomers (total) used. 

The presence of a polyhydric alcohol such as glycerin (glycerine or glycerol), ethylene glycol, propylene glycol, 

55 pentaerythritol. sorbitol, polyethylene glycol, polypropylene glycol and the like, often further enhances the deposit or 
precipitation of the polymer formed in the process of the present invention as fine particles that form a stable dispersion. 
Such a polyhydric alcohol is one having a molecular weight of no more than about 1 ,000 and preferably no more than 
about 500, and thus do not include polymeric species such as polyvinyl alcohol. The reaction mixture may contain such 
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a potyhydric alcohol in the amount of from 0 to about 1 0 parts by per hundred parts by weight of the total monomer feed. 

The polymerization of the present invention is preferably carried out by the use of a conventional water-soluble free- 
radical initiator. It is particularly preferable to use a water-soluble azo compound such as 2,2'-azobts (2-amkfinopro- 
pane) hydrochloride or 2,2 , -azobis(N,N<Jimethy1eneisobutyramidine) hydrochloride. 

5 The addition of various salts to the end-product polymer dispersion (after the completion of the polymerization) is 
effective in lowering the viscosity of the polymer dispersion and in producing a dispersion in which the specific gravity 
of the continuous aqueous phase is comparable or equal to that of the dispersed polymer particles. Such comparable 
specif ic gravities enhance long-term dispersion stability. It is preferable for handling that the viscosity of the end-product 
dispersion be 1000 mPa • s (cps) Brookfield or below, and the addition salt generally will drop the dispersion viscosity 

w to such range while it is effective in inhibiting the separation of the polymer from the dispersion by providing comparable 
specific gravities to the two dispersion phases. Such post-polymerization additions of salt do not have the drawbacks 
noted above as to excessively high salt levels during the polymerization, or at least only to a lesser degree. 

The multivalent anionic salt is included in the reaction mixture to deposit the forming, and otherwise soluble, poly- 
mer. The salt preferably is a sulfate or a phosphate, and typical examples of these salts include ammonium sulfite. 

75 sodium sulfate, magnesium sulfate, aluminum sulfate, ammonium hydrogenphosphate. sodium hydrogenphosphate 
and potassium hydrogenphosphate. The salt is used in an amount sufficient to precipitate the forming polymer from the 
reaction mixture during the polymerization, and preferably such deposits start forming at least during the first quarter of 
the total polymerization time. In preferred embodiment, the salt is present throughout the polymerization reaction in the 
reaction mixture in the amount of 15 to about 20 percent by weight based on the total weight of the reaction mixture at 

20 any given point during the polymerization reaction. When the concentration of the salt solution is less than 15 weight 
percent, the polymer being formed may remain to an undesirable degree soluble in the reaction mixture which conse- 
quently takes the form of a viscous aqueous polymer solution rather than a fluid dispersion. In more preferred embodi- 
ment, the amount of salt present during the polymerization is about 16 to about 18 weight percent same basis. 

The polymeric dispersant used in the present invention preferably is a reasonable high molecular weight organic 

25 polymer which is nonetheless soluble in the aqueous salt solution, and it is preferably used in an amount of from about 

2 to about 10 parts by weight per 100 parts by weight of the total monomers employed. In preferred embodiment the 
polymeric dispersant has a weight average molecular weight of at least about 50,000 or 100,000, and more preferably 
at least about 5,000,000. This dispersant is believed to have no insolubilizing effect on the forming polymer. This poly- 
meric dispersant should generally be of the same charge as the polymer being formed. For instance, when a cationic 

30 polymer is being prepared, the polymeric dispersant will generally have an overall cationic charge, and when an anionic 
polymer is being prepared, the polymeric dispersant will generally have all overall anionic charge. 

Generally the entire water phase, except the amounts that are added as diluent with the post-initiation monomer 
feed (which normally would be not more than the amount of the monomer itself in the feed), the entire amount of poly- 
valent anionic salt (except post-polymerization additions), and the entire amounts of the polymeric dispersant, the pre- 

35 formed polymer seed and the polyhydric alcohol, are included in the reaction mixture before polymerization initiation. If 
for any reason it is desirable to add a portion of the polymeric dispersion after polymerization initiation, in preferred 
embodiment the polymeric dispersant should nonetheless always be present in the reaction mixture in the amount of 
from about 2 to about 10 parts by weight per 100 parts by weight of the monomers charged to the reaction mixture at 
any time during the polymerization reaction. If for any reason it is desirable to add a portion of the other reaction mixture 

40 components after polymerization, generally no more than about 10 or 15 parts by weight per hundred parts by weight 
of such a reaction mixture component should be withheld from the reaction mixture until after polymerization initiation. 
In the instance of the initiator, or for instance a monomer stabilizer, it is reasonable and at times may be preferred to 
add one or more aliquots thereof after the polymerization initiation, and such post-initiation additions may even be 2 or 

3 times the initial charge or more. Another reaction mixture component that modifies the forming polymer and may be 
45 added in significant proportion after polymerization initiation is a chain-transfer agent such as a low molecular weight 

(below about 500) alcohol, such as isopropanol or benzyl alcohol. 

For purposes of determining time frames with respect to total polymerization time, a polymerization is considered 
here, and in the technical field generally, to be completed/terminated, about one hour after a 95 weight percent conver- 
sion of monomer to polymer has been reached. 
so The following Formulas I, la, II and Ha are referred to below in the discussion of preferred embodiments of the 
invention wherein the process of the present invention is a dispersion polymerization to form a water-soluble cationic 
polymer. The structures defined by Formulas I and II are quaternary ammonium salt monomers, as follows: 
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Formula I 
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Formula II 

30 

wherein Rj and R 4 are each H or CH3; R 2 , R 3 , R 5 and R 6 are each an alkyl group having 1 or 2 carbon atoms; R 7 is a 
hydrogen atom or an alkyl group having 1 to 2 carbon atoms; A1 and A 2 are each an oxygen atom or NH; B 1 and B2 are 
each an alkylene group having from 2 to 4 carbon atoms or a hydroxypropylene group and and X 2 e are each a 
counter anion. 

35 The structures defined by Formulas la and I la are quaternary ammonium salt mer units derived from the monomers 
defined in Formulas I and II respectively, as follows: 
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Formula Ha 



wherein Ft/ and are each H or CH3; R 2 ', R 3 ', R 5 " and R^ are each an alkyl group having 1 or 2 carbon atoms; R 7 ' 
is a hydrogen atom or an alkyl group having 1 to 2 carbon atoms; A/ and A2' are each an oxygen atom or NH; B/ and 
20 B2 are each an aJkyiene group having from 2 to 4 carbon atoms or a hydroxypropylene group and X{ e and X 2 ' e are 
each a counter anion. 

The present invention in preferred embodiment is a process for preparing an aqueous dispersion of water-soluble 
cationic polymer that has not only a low end-product viscosity and permits rapid dissolution of the polymer in water, but 
also may have a high molecular weight, which process governs the peak in-production viscosity parameter In this pre- 

25 ferred process a water-soluble monomer feed (more preferably containing at least 5 mole percent of a cationic mono- 
mer of Formula I above) is polymerized in an aqueous solution of a polyvalent anionic salt, the polymerization is carried 
out in the presence of a water-soluble cationic polymer which is soluble in the aqueous solution of polyvalent anionic 
salt, and at least 25 parts by weight of the water-soluble monomer feed per hundred parts by weight of the water-soluble 
cationic polymer which is soluble in the aqueous solution of polyvalent anionic salt is present in the polymerization reac- 

30 tion mixture when the polymerization is initiated, the remainder being added during the polymerization, and at times 
incrementally during the polymerization reaction. 

At the time of polymerization initiation, a water-soluble cationic polymer (which preferably contains at least 5 mole 
percent of cationic mer units represented by Formula la) which is insoluble in the aqueous solution of a polyvalent ani- 
onic salt, optionally may be present, or instead such a polymer is formed in situ from an initial monomer charge. When 

35 it is added to the polymerization reaction mixture prior to polymerization initiation as a preformed polymer seed, in pre- 
ferred embodiment it is added to the polymerization reaction mixture as fine particles in a dispersed state, particularly 
in an aqueous solution of a polyvalent anionic salt. 

The water-soluble monomer feed is thus charged to the remainder of the polymerization reaction mixture by two 
techniques. The first technique is the addition of a portion of the water-soluble monomer feed to the polymerization 

40 reaction mixture before polymerization is initiated so that it is present in the reaction mixture when polymerization is ini- 
tiated. This first technique is essentially a batch technique, regardless of whether the addition is in bulk or incrementally, 
and that portion of the water-soluble monomer feed is referred to herein as the initial monomer feed. The second tech- 
nique a post-initiation technique, regardless of whether the addition is in bulk or incrementally, and that portion of the 
water-soluble monomer feed is referred to herein as the post-initiation monomer feed. In more preferred embodiment, 

45 the initial monomer feed contains at least 5 mole percent of cationic monomer units represented by Formula I and, when 
employed, the preformed polymer seed contains at least 5 mole percent of cationic mer units represented by Formula 
la. 

Formula la, as shown above, is of course the structure of a polymer mer unit that would be derived from the polym- 
erization of the monomer of Formula I. For simplicity when discussing a characteristic potentially applicable to both the 

so monomer and the mer unit, the terminology of "monomer/mer" and "Formula l/la" is used at times below. 

In further preferred embodiment the water-soluble cationic polymer soluble in an aqueous solution of a polyvalent 
anionic salt and the preformed polymer seed when employed, is used in an amount of about 0.1 , or 1 , to about 10 parts 
by weight per 100 parts by weight of the total water-soluble monomer feed employed (the initial monomer feed and the 
post-initiation monomer feed combined, referred to at times herein as the combined monomer feed"). 

55 In another preferred embodiment, the combined monomer feed and/or the preformed polymer seed is comprised 
of at least 5 mole percent of cationic monomer/mer units represented by the Formula l/la and the balance selected from 
among (meth)acrylamide, other cationic monomer/mer units discussed below, including cationic monomer/mer units 
represented by the Formula ll/lla and mixtures thereof. 
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In preferred embodiment, the cationic monomer/mer units represented by the Formula l/la is one selected from 
among the benzylated quaternary ammonium salts of dialkylaminoalkyl (meth)acrylate and dialkylaminoalkyl 
(methjacrylamide. These include, without limitation, the benzylated quaternary ammonium salts of dimethytaminoethy- 
lacrylate, dimethylaminohydroxypropylacrylate, dimethyiaminopropylacrylamide dimethylaminoethylmethacrylate, 

5 dimethylaminohydroxyprop^methacrylate, dimethylaminopropylmethacrylamide and mixture thereof. In another pre- 
ferred embodiment the monomer/mer of Formula l/la is acryloyloxyethyldimethylbenzylammonium chloride, methacry- 
loyloxyethyldimethylbenzylarrirnonium chloride or mixtures thereof. 

The water-soluble cationic polymer soluble in the aqueous solution of a polyvalent anionic salt (referred to herein 
at times as "the dispersant" or The polymeric dispersant") contains a sufficient density of cationic mer units to be solu- 

w b!e in the aqueous solution of polyvalent salt at the concentration used therein. In more preferred embodiment the pol- 
ymeric dispersant is comprised of at least 20 mole percent of cationic mer units, preferably of the quaternary 
ammonium salt type, such as the quaternized salts of mer units of N-alkylsubstituted aminoalkyi esters of acrylic acid 
and others. As mentioned above, the combined monomer feed, and when present the preformed polymer seed, may 
contain monomer/mer units other than as defined above in Formula l/IA, which also preferably are of the quaternary 

is ammonium salt type, such as the quaternized salts of mer units of N-alkylsubstituted aminoalkyi esters of acrylic acid 
and others. Such quaternary ammonium salt type, suitable for the polymeric dispersant and/or the combined monomer 
feed, and when present the preformed polymer seed, include, for example: 

1 . the quaternized salts of reaction products of a polyamine and an acrylate type compound prepared, for example. 
20 from methyl acrylate and ethylenediamine; 

2. (methacryloyloxyethyOtrimethyl ammonium chloride; 

3. diallylmethy1(beta-propionamido)ammonium chloride, (beta-methacryloyloxyethyl)trimethylammonium methyl 
sulfate; 

4. quaternized vinyllactam; 

25 5. the quaternized salt of vinylbenzyltrialkylamines such as, for example, vinylbenzyltrimethylammonium chloride; 

6. quaternized salt of vinyl-heterocyclic monomers having a ring nitrogen, such as (1 ,2-dimethyl-5-vinylpyridinium 
methyl sulfate), and (2-vinyl-2-imidazolinium chloride); 

7. dialkyldiallylammonium salt including diallyldimethyl ammonium chloride fDADMAC"); and 

8. methacrylamidopropyltrimethylammonium chloride ("MAPTAC"). 

30 

An epichlorohydrin/dimethylamine (epi/DMA) cationic polymer may be particularly useful as the polymeric dispersant. 
In certain preferred embodiments, the polymeric dispersant and/or the combined monomer feed, and when present the 
preformed polymer seed, contain up to 50 mole percent of cationic mer units such as those enumerated above and/or 
others, and in more preferred embodiment up to about 30, or 40, mole percent thereof. A preferred cationic mer unit for 

35 any of these species, but particularly for the polymeric dispersant, is DADMAC. A preferred polymeric dispersant is sub- 
stantially comprised of acrylamide and DADMAC. 

In other embodiments, the polymeric dispersant contains at least 20 mole percent of cationic mer units represented 
by Formula Ha above. The combined monomer feed, and when present the preformed polymer seed, may also include 
cationic monomer/mer units of Formula ll/lla above. 

40 In other preferred embodiments, the cationic monomer/mer units represented by the Formula ll/lla is one selected 
from among salts and methylated quaternary ammonium salts of dialkylaminoalkyl (meth)acrylate and dialkylami- 
noalkyl (meth)acrylamide. These include, without limitation, the salts and methylated quaternary ammonium salts of 
dimethylaminoethylacrylate, dimethyiaminopropylacrylamide, dimethylaminohydroxypropyacrylate, dimethylami- 
noethylmethacrylate, dimethylaminopropylmethacrylamide, dimethyiaminohydroxypropymethacrylate and mixtures of 

45 them. In other preferred embodiments, the cationic monomer/mer units represented by the Formula ll/lla is acryloy- 
loxyethyltrimethylammonium chloride, methacryloyloxyethyltrimethylammonium chloride or mixtures thereof. 
In certain preferred embodiments, the polymeric dispersant is wholly comprised of mer units of Formula lla. 
In preferred embodiment the polyvalent anionic salt concentration of the aqueous salt solution is at least 15 parts 
by weight per hundred parts by weight of water. The polyvalent anionic salt is preferably selected from among the sul- 

so fate salts, the phosphate salts and mixtures thereof and more preferably the sulfate salts, particularly ammonium sul- 
fate. 

In certain preferred embodiments, a salt is additionally dissolved in the dispersion after the completion of the 
polymerization (post-polymerization addition). 

In certain preferred embodiments, the specific gravity of the polymer in the dispersion is equal to that of the aque- 
55 ous solution. 

In preferred embodiment the viscosity of the end-product polymer dispersion is no more than about 1000 mPa • s 
(cps), and preferably such viscosity is attained without any post-polymerization addition of salt. In further preferred 
embodiment, the in-production peak viscosity of the polymerization reaction mixture does not exceed about 20,000 
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mPa-s(cps). 

In preferred embodiment, the combined monomer feed (initial monomer feed and post-initiation monomer feed) 
based on the total weight of the polymerization reaction mixture, excluding post-polymerization additives, is from about 
15, or 20, to about 40, or 45, percent by weight or higher. The excessively high in-production peak viscosities are pri- 

5 manly encountered at monomer charges of at least 1 5, and more commonly at least 20 weight percent, based on the 
total weight of the polymerization reaction mixture, excluding post-polymerization additives. A process having a high 
concentrations of monomer charge is particularly preferred herein because more concentrated polymer products pro- 
vide the greatest production and shipping cost benefits and have the least environmental impact, including without lim- 
itation a lesser energy and adjuvant raw material consumption. A process having a high concentration of monomer 

w charge is also preferred herein because processes having more concentrated monomer charges tend to develop higher 
viscosities, particularly in-production viscosities, and thus the advantages of the present invention in reducing the in- 
production viscosity peaks are particularly important. The present invention in broad embodiment does not, however, 
exclude the use of the present process when the total monomer charge is less than 15 weight percent, based on the 
total weight of the polymerization reaction mixture, excluding post-polymerization additions. At such lower monomer 

is charges the in-production viscosity peak control provided by the present invention will also be seen, and at times may 
be a significant advantage. 

In preferred embodiments, a water-soluble azo free-radical initiator is used as a polymerization initiator. In more 
preferred embodiments, the polymerization initiator is selected from among 2,2'-azobis(2-amidinopropane) hydrochlo- 
ride, 2,2'-azobis(N,N'-dimethyleneisobutyramidine) hydrochloride and mixtures thereof. 
20 In preferred embodiment the particle size of the polymer in the end-product dispersion is 25 \im (micrometers) or 
less. 

In the following Examples, unless expressly indicated otherwise therein, all polymerization reactions were con- 
ducted using a reactor having a five-neck-head equipped with a stirrer (half-moon and three-pitch blade turbines), nitro- 
gen purge tube, thermometer, condenser, thermocouple and stopper. The strffer blades were positioned about one cm 

25 below the liquid level to provide consistent stirring at the top of the reaction mixture. The reactor was first purged with 
nitrogen to replace the oxygen-containing air therein, the reaction mixture was also purged with nitrogen after it was 
added to the reactor by bubbling nitrogen there through, and a flow of nitrogen to the reactor was continued throughout 
the polymerization time period and any post-polymerization period in which monomer residuals were diminished. To 
this reactor were added the initial batch ingredients. Trie reactor contents were heated to the reaction temperature and 

30 then the initiator was added to initiate the polymerization. The reaction mixture was stirred from at least the time heating 
was started, and thereafter throughout the entire polymerization and post-polymerization time periods. The stirring 
speed was from about 400 to about 600 rpm as specified in the specific Examples. The polymerization reaction began 
only upon initiator addition, which in all instances was after the elevated reaction temperature was reached (even when 
the initiator charge, or first initiator charge, is listed with the initial batch reaction mixture ingredients). The reaction tern- 

35 perature was maintained throughout the polymerization time period, unless specified otherwise in the description. The 
post-initiation monomer feeds of monomers were all at reasonably consistent rates over time period during which the 
polymerization reactions were proceeding fin-production" time periods). Post-polymerization additions were made 
after the reaction mixtures were cooled to about ambient room temperature, and no polymerizations were continuing at 
these times. Except for the reactions of the Comparative Examples that were abandoned before completion, as speci- 

40 f iedjn the specific Comparative Examples, ad polymerization reactions proceeded through at least about 98 weight per- 
cent conversion of monomer to polymer. As indicated in the specific Example, at times benzyl alcohol was added as a 
chain transfer agent, and its addition would reduce the weight average molecular weight of the polymer from that which 
would form in the absence of the chain transfer agent. Also at times the azo initiator and/or the monomer stabilizer 
(Versene) are added in significant aliquots after the polymerization reaction was initiated, but it is believed that in none 

45 of the Examples was the polymerization prematurely terminated and then restarted. The polymers prepared in the 
Examples and Comparative Examples were all of such solubility characteristics that they had polymer-insolubility- 
thresholds of no more than 3 weight percent in the described aqueous reaction mixtures. Although only a single type of 
polyvalent anionic salt is present in the reaction mixture prior to polymerization completion, combinations of polyvalent 
anionic salts of course can be used. While the specific types of monomers used in the Examples are readily polymer- 

so izable at the reaction temperatures employed, different monomers or combinations of monomers may be best polymer- 
ized at lower or higher reaction temperatures, and the selection of an appropriate reaction temperature is within the 
ordinary skill of a person in the art Generally polymerization temperatures within the range of from about 25 °C to about 
65 °C are sufficient for free radical polymerization of most ethylenically-unsaturated monomers. An appropriate stirring 
rate for either laboratory-size polymerizations or commercial production polymerizations is from about 400 rpm to about 

55 1000 rpm. 
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Example 1 

A 19.5 weight percent actives semi-batch dispersion polymerization of a acrylamide/DMAEA.BCQ copolymer 
(90/10 mole ratio) was conducted using a 90710 mole ratio of the monomers both in the initial monomer feed and in the 

5 post-initiation monomer feed. The initial reaction mixture comprised of 21.21 grams of poly-DMAEA.MCQ, 311.06 
grams of Dl water, 1 37.47 grams of a 46.6 wt. percent acrytamide aqueous solution, 55.91 grams of a 50.0 wt. percent 
DMAEA.BCQ aqueous solution. 7.07 grams of glycerol, 155.50 grams of ammonium sulfate, 0.30 grams of Versene 
and 4.712 grams of a polymer seed. The polymer seed used was a 15 weight percent actives dispersion of a acryla- 
mide/DMAEA.BCQ copolymer (90/10 mole ratio) prepared by a batch polymerization using similar auxiliary constitu- 

10 ents. The reaction mixture was heated to 40 °C, and upon reaching that temperature 2.00 grams of a 1 wt. percent V- 
044 azo initiation was added and then a post-initiation monomer feed comprised of 137.47 grams of a 48.6 wt. percent 
acrytamide aqueous solution, 55.91 grams of a 50.0 wt. percent DMAEA.BCQ aqueous solution and 0.30 grams of 
Versene was added at a substantially consistent addition rate during the first two hours of the reaction while maintaining 
the 40 °C reaction temperature. The polymerization was continued for an additional three hours while maintaining the 

75 40 °C reaction temperature, which provided about a 30 wt. percent conversion of monomers to polymer. Immediately 
after this five-hour polymerization period, 2.00 grams of a 1 wt. percent aqueous solution of an azo initiator were added 
to minimize monomer residuals. To reduce the bulk viscosity of the resultant reaction mixture as well as to stabilize the 
dispersion polymer against hydrolytic degradation, post-polymerization additions of 62.22 grams of sodium sulfate and 
7.07 grams of glacial acetic acid respectively were made. Over the entire course of the polymerization and post-polym- 

20 erization treatments the bulk viscosity caused the reaction mixture to climb no higher than 2,54 cm (1 -inch) up the stir- 
ring rod shaft. This maximum bulk viscosity developed during the reaction period represents a maximum viscosity of 
about 2000 mPa • s (cps) Brookf ieid. The final reaction mixture was a low viscosity (approximately 800 mPa * s (cps)), 
milky-white fluid. The polymer produced was isolated by water dilution and determined to have an Intrinsic Viscosity of 
13.9 dl/g and a Reduced Specific Viscosity of 14.72 in 0.125 molar sodium nitrate solution. The concentration of mon- 

25 omer residuals were determined by liquid chromatography to be about 49.8 ppm acrylamide, less than 100 ppm 
DMAEA.BCQ and about 100 ppm DMAEA.MCQ. 

Example 2 

30 A 24.4 weight percent actives semi-batch dispersion polymerization of a acrylamide/DMAEA.BCQ copolymer 
(90/10 mole ratio) was conducted using a 90/1 0 mole ratio of the monomers both in the initial monomer feed and in the 
post-initiation monomer feed. The initial reaction mixture comprised of 22.27 grams of a (3462-196?) of poly- 
DMAEA.MCQ, 213.38 grams of Dl water, 171.83 grams of a 48.6 wt. percent acrylamide aqueous solution, 69.88 
grams of a 50.0 wt. percent DMAEA.BCQ aqueous solution, 7.07 grams of glycerol, 155.50 grams of ammonium sul- 

35 fate, 0.30 grams of Versene, 0.30 grams boric anhydride, 4.712 grams of a polymer seed. The polymer seed used was 
a 1 5 weight percent actives dispersion of a acrylamide/DMAEA. BCQ copolymer (90/1 0 mole ratio) prepared by a batch 
polymerization using similar auxiliary constituents. The reaction mixture was stirred at about 800 rpm throughout the 
entire polymerization and post-polymerization time periods. The reaction mixture was heated to 40 °C, and upon reach- 
ing that temperature 2.00 grams of a 1 wt. percent VA-044 azo initiator was added and then a post-initiation monomer 

40 feed comprised of 1 71 .83 grams of a 48.6 wt. percent acrylamide aqueous solution, 69.88 grams of a 50.0 wt. percent 
DMAEA.BCQ aqueous solution and 0.30 grams of Versene was added at a substantially consistent addition rate (which 
was about 1 .4 ml per minute) during the first one hour 50 minutes of the reaction while maintaining the 40 °C reaction 
temperature. The polymerization was continued for an additional three hours and 10 minutes while maintaining the 40 
°C reaction temperature, which provided about a 30 wt. percent conversion of monomers to polymer. Immediately after 

4$ this five-hour polymerization period, 2.00 grams of a 1 wt. percent aqueous solution of an azo initiator were added to 
minimize monomer residuals. To reduce the bulk viscosity of the resultant reaction mixture, post-polymerization addi- 
tions of 62.22 grams of sodium sulfate and 7.07 grams of glacial acetic acid were made. Over the entire course of the 
polymerization and post-polymerization treatments the peak bulk viscosity developments caused the torque on the stir- 
ring rod to increase from about 15 dyne-cm to about 20 dyne-cm at T 15hr (1 .5 hours after the polymerization was com- 

so menced) and to 35 dyne-cm at ^ 75hr . These maximum bulk viscosity develop occurred during the polymerization 
stage and represent respectively viscosities of about 600 and 2000 mPa • s (cps) Brookf ield. The final reaction mixture 
was a thick viscosity (approximate 1000 mPa*s (cps) Brookf ield) white fluid. When a 1 wt. percent polymer actives 
solution was prepared from the reaction mixture by dilution with Dl water, by stirring at 100 rpm drive for 15 to 20 min- 
utes. The polymer produced was isolated by dilution with Dl water and determined to have an Intrinsic Viscosity of 1 2.9 

55 dl/g and Reduced Specific Viscosities of 15.2, 13.9 and 13.8 at 0.045, 0.0225 and 0.015 polymer concentrations 
respectively, in 0.125 molar sodium nitrate solution. The concentration of monomer residuals were determined by liquid 
chromatography to be about 437 ppm acrylamide, less than 100 ppm DMAEA.BCQ and less than 100 ppm 
DMAEA.MCQ. 
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Example 3 

A dispersion polymerization similar to that described in Example 2 was conducted except a higher proportion of 
monomer was added as the post-initiation feed than as the initial charge. This 24.4 weight percent actives semi-batch 

5 dispersion polymerization of a acrylamide/DMAEA.BCQ copolymer (90/10 mole ratio) was run using a 90/10 mole ratio 
of the monomers both in the initial monomer feed and in the post-initiation monomer feed. The initial reaction mixture 
comprised of 27.27 grams of a 22 weight percent active solution of poly-DMAEA.MCQ. 143.00 grams of Dl water, 7.07 
grams of glycerol, 85.91 grams of a 48.5 wt percent acrylamide aqueous solution, 34.94 grams of a 50.0 wt percent 
DMAEA.BCQ aqueous solution, 7.07 grams of glycerol. 110.50 grams of ammonium sulfate, 0.30 grams of Versene 

w and 3.00 grams of a 1 wt percent aqueous solution of VA-044. The reaction mixture was stirred at about 800 rpm 
throughout the entire polymerization and post-polymerization time periods. The reaction mixture was heated to 40 °C, 
and upon reaching that temperature the nitrogen purge was continued for 30 minutes, then 2.00 grams of a 1 wt per- 
cent VA-044 azo initiation was added and then a post-initiation monomer feed comprised of 270.43 grams of a 48.6 wt. 
percent acrylamide aqueous solution and 110.00 grams of a 50.0 wt percent DMAEA.BCQ aqueous solution was 

is added at a substantially consistent addition rate (which was about 3.8 ml per minute) during the first two hours of the 
reaction while maintaining the 40 °C reaction temperature. At about 2.5 hours from the start of the polymerization, 16 
grams of Dl water was added to thin the reaction mixture viscosity, which water addition decreased the reaction mixture 
viscosity from greater than 2,000 mPa • s (cps) Brookf ield to about 2,000 mPa • s (cps) Brookf ield, after which an addi- 
tional 40 grams of Dl water was added. At about 3 hours from the start of the polymerization, 20 grams of ammonium 

20 sulfate was added which decreased the reaction mixture viscosity to a torque reading on the stirring means of about 
1700 dyne-cm. At about 3.5 hours from the start of the polymerization, an additional 20 grams of ammonium sulfate 
was added which decreased the reaction mixture viscosity to a torque reading on the stirring means of about 935 dyne- 
cm after a further 0.5 hour of reaction time. The polymerization was continued for an additional one hour while main- 
taining the 40 °C reaction temperature, which provided about a 99.3 wt. percent conversion of monomers to polymer. 

25 Immediately after this five-hour polymerization period, 2.00 grams of a 1 wt. percent aqueous solution of an azo initiator 
were added to minimize monomer residuals. To reduce the bulk viscosity of the resultant reaction mixture, post-polym- 
erization additions of 25.00 grams of sodium sulfate and 7.07 grams of glacial acetic acid were made. The final reaction 
mixture was a milky white fluid with small particles of grain size visible. The polymer produced was isolated by dilution 
with water and determined to have an Intrinsic Viscosity of 15.72 dl/g. The concentration of monomer residuals were 

30 determined by liquid chromatography to be about 21 10 ppm acrylamide and less than 200 ppm DMAEA.BCQ. 

Example 4 

A semi-batch dispersion polymerization similar to that described in Example 1 was conducted except a higher pro- 
35 portion of monomer (about 58 wt. percent) was added as the post-initiation feed rather than in the initial charge. This 
approximately 20 weight percent actives semi-batch dispersion polymerization of a acrylamide/DMAEA.BCQ copoly- 
mer (90/10 mole ratio) was run using a 90/10 mole ratio of the monomers both in the initial monomer feed and in the 
post-initiation monomer feed. The initial reaction mixture batch was comprised of 21.21 grams of a 22 weight percent 
active solution of pdy-DMAEA.MCQ, 308.27 grams of Dl water, 103.10 grams of a 48.2 wt. percent acrylamide aque- 
40 ous solution, 41 .94 grams of a 80 wt percent DMAE A. BCQ aqueous solution, 1 55.50 grams of ammonium sulfate, 0.30 
grams of Versene, and 47.1 2 grams of a 1 5 wt. percent actives polyacrylamide-oo-DMAEA.BCQ seed polymer. This ini- 
tial reaction mixture was stirred at about 400 rpm throughout the entire polymerization and post-polymerization time 
periods. The reaction mixture was heated to 40 °C, and upon reaching that temperature the nitrogen purge of the reac- 
tion mixture was continued for 30 minutes, then 2.00 grams of a 1 wt. percent VA-044 azo initiator was added to initiate 
45 the polymerization. One hour after the polymerization began, a post-initiation monomer feed comprised of 182.37 
grams of a 48.2 wt. percent acrylamide aqueous solution and 46.36 grams of a 80 wt percent DMAEA.BCQ aqueous 
solution were added at a substantially consistent addition rate over the next 1.0 hour of the polymerization reaction. No 
further Dl water or salt was added to thin the reaction mixture viscosity. The polymerization was continued for a total 
polymerization time period of about seven hours. To reduce the bulk viscosity of the resultant reaction mixture, post- 
50 polymerization additions of 62.22 grams of sodium sulfate and 7.07 grams of glacial acetic acid were made. The final 
reaction mixture was a white low-viscosity (approximate 80 mPa * s (cps)) fluid. The polymer produced was isolated by 
dilution with water and determined to have an Intrinsic Viscosity of 14 dl/g. The concentration of monomer residuals 
were determined by liquid chromatography to be about 1 100 ppm acrylamide and less than 100 ppm DMAEA.BCQ. 

55 Example 5 

A 26.8 weight percent actives semi-batch dispersion polymerization of an acrylamide/DMAEA.BCQ/DMAEA.MCQ 
terpolymer (65/25H0 mole ratio) was conducted using a 65/25/10 mole ratio of the monomers both in the initial mono- 
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mer feed and in the post-initiation monomer feed. The combined monomer feed was divided 2:1 between the initial 
monomer feed and the post-initiation monomer feed. No preformed polymer seed was used. The reaction was carried 
out at 45 °C with stirring at 400 rpm and several exotherms up to about 48 °C were seen. The post-initiation monomer 
feed was added at a substantially consistent addition rate during the f irst 3 hours of the polymerization and the second 

5 charge of the initiator was added at the end of the fifth hour of polymerization. The polymerization was continued for 8 
hours total, after which the reaction mixture was cooled to room temperature and the post-polymerization additions 
were made. When the final dispersion product was filtered through a 48 mesh sieve, 12 weight percent thereof did not 
pass through due to a minor agglomeration formation. The maximum bulk viscosity developed during the reaction 
period was about 1900 mPa • s (cps) Brookfield. The final reaction mixture was a low viscosity (approximate 86 mPa • s 

w (cps)), milky^white fluid. The polymer produced had an Intrinsic Viscosity of 1 7.6 dl/g and a Reduced Specific Viscosity 
of 21.9 in 0.125 molar sodium nitrate solution. The concentration of monomer residuals were about 600 ppm acryla- 
mide, and less than 100 ppm DMAEA.BCQ and DMAEA.MCQ. The reaction mixture components are set forth below in 
Table 1. 



Table 1 



Ingredient 


Ingredient Components) 


Amount (grams) 


Initial Charge 


Dispersant 


Poly-DMAEA.MCQ actives 


4.942 




Water 


19.768 




Dl Water 


242.535 


Polyvalent salt 


Ammonium sulfate 


75.630 . 




Glycerin 


2.970 




Benzyl alcohol 


0.020 


Acrylamide (100%) 


Acrylamide actives 


33.570 


DMAEA.BCQ (80%) 


DMAEA.BCQ actives 


50.093 




Water 


12.523 


DMAEA.MCQ (79.7%) 


DMAEA.MCQ actives 


14.436 




Water 


3.677 


Initiator 


V-50 (1%) 


0.990 


In-production Charge 


Acrylamide (100%) 


Acrylamide actives 


16.785 


DMAEA.BCQ (80%) 


DMAEA.BCQ actives 


25.044 




Water 


6.261 


DMAEA.MCQ (79.7%) 


DMAEA.MCQ actives 


7.218 




Water 


1.838 


Initiator 


V-50{1%) 


0.990 


Total Reaction Mixture Prior To Post-Polymerization Additions: 


519.290 


Post-polymerization Charge 


Salt 


Ammonium sulfate 


34.995 




Acetic acid 


4.935 


Total Reaction Mixture After Post- Polymerization Additions: 


559.220 



55 

Comparative Example A 

An attempt to conduct a 29.6 weight percent actives batch dispersion polymerization of an acryla- 
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mide/DMAEA. BCQ/DMAEA.MCQ terpolymer (65/25/10 moie ratio) was made. A preformed polymer seed was used to 
provide a concentration of polymer actives of 31.4 wt percent in the reaction mixture before post-polymerization addi- 
tions. The reaction was carried out at 45 °C with stirring at 400 rpm. The reaction mixture gelled 90 minutes after initi- 
ation and the reaction was then abandoned. The bulk viscosity which had developed at the time the reaction was 
5 abandoned was greater than 500,000 mPa • s (cps) Brookf ie!d at 90 minutes after the initiation. The reaction mixture 
components, to the extent charged before the reaction was terminated, and in some instances percentage thereof 
based on reaction mixture, are set forth below in Table 2. 



Ingredient 


Ingredient Component(s) 


Amount (grams) 


WL% 


Initial Charge 


Preformed Polymer Seed 


PolyDMAEA.MCQ 


10.000 






Water 


40.000 




Dispersant dispersion 


PolyAc^nVDMAEA.BCQ/DMAEA.MCQ 


73.970 






Dl Water 


256.980 




Polyvalent salt 


Ammonium sulfate 


95.710 






Glycerin 


10.000 






Benzyl alcohol 


0.020 




Acryfamide (48.4%) 


Acrylamide actives 


102.569 


10.9% 




Water 


109.351 




DMAEA.BCQ (80%) 


DMAEA.BCQ actives 


149.920 


15.9% 




Water 


37.476 




DMAEA.MCQ (79.7%) 


DMAEA.MCQ actives 


43.389 


4.6% 




Water 


11.051 






Versene 


0.400 




initiator 


V-50 (1%) 


2.000 




Total Reaction Mixture Prior To Polymerization Abandonment: 


942.836 





Example 6 

40 A 29.84 : weight percent actives semi-batch dispersion polymerization of an acryla- 
mide/DMAEA.BCQ/DMAEA.MCQ terpolymer (65/25/10 mole ratio) was conducted using a 65/25/10 mole ratio of the 
monomers both in the initial monomer feed and in the post-initiation monomer feed. The combined monomer feed was 
divided 70:30 between the initial monomer feed and the post-initiation monomer feed. No preformed polymer seed was 
used. The reaction was carried out at 45 °C with stirring at 400 rpm. The post-initiation monomer feed was added at a 

45 substantially consistent addition rate over a period of 90 minutes, 2.5 hours after the beginning of the polymerization, 
and the second charge of the initiator was added at the end of the fifth hour of polymerization. The polymerization was 
continued for 8 hours total, after which the reaction mixture was cooled to room temperature and the post-polymeriza- 
tion additions were made. The maximum bulk viscosity developed during the reaction period was about 10,000 mPa * s 
(cps) BrooWiekJ. The final reaction mixture had an approximate viscosity of about 1 10 mPa • s (cps) Brookf ield. The pol- 

so ymer produced had an Intrinsic Viscosity of 2 1 .02 dl/g and a Reduced Specific viscosity of 1 7. 1 4 in 0. 1 25 molar sodium 
nitrate solution. The concentration of monomer residuals were about 1400 ppm acrylamide, and less than 100 ppm 
DMAEA.BCQ and DMAEA.MCQ. The reaction mixture components are set forth below in Table 3. 



55 
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Table 3 



Ingredient 


Ingredient Components) 


Amount (grams) 


Initial Charge 


Dispersant dispersion 


Poly-DMAEA.MCQ actives 


15.000 




Water 


60.000 




Dl Water 


371.210 


Polyvalent salt 


Ammonium sulfate 


140.000 




Glycerin 


7.500 




Benzyl alcohol (4% aq. soin.) 


0.500 


Acrylamide (47%) 


Acrylamide actives 


78.210 




Water 


88.200 


DMAEA.BCQ (80%) 


DMAEA.BCQ actives 


116.700 




Water 


29.180 


DMAEA.MCQ (79.7%) 


DMAEA.MCQ actives 


33.640 




Water 


8.570 




Versene 


0.300 


Initiator 


V-SO (1%) 


1.500 


In-production Charge 


Acrylamide (47%) 


Acrylamide actives 


33.553 




Water 


37.837 


DMAEA.BCQ (80%) 


DMAEA.BCQ actives 


50.088 




Water 


12.522 


DMAEA.MCQ (79.7%) 


DMAEA.MCQ actives 


14.442 




Water 


3.678 


Initiator 


V-SO (1%) 


2.500 




Versene 


0.200 


Total Reaction Mixture Prior To Post- Polymerization Additions: 


1,105.330 


Post-polymerization Charge 


Salt 


Sodium sulfate 


55.000 




Acetic acid 


10.000 


Total Reaction Mixture After Post-Polymerization Additions: 


1,170.330 



Example 7 

50 

A 29.9 weight percent actives semi-batch dispersion polymerization of an acryIamide/DMAEA.BCQ/DMAEA.MCQ 
terpolymer (65/25/10 mole ratio) was conducted using a 65/25/10 mole ratio of the monomers both in the initial mono- 
mer feed and in the post-initiation monomer feed. The combined monomer feed was divided about 6258 between the 
initial monomer feed and the post-initiation monomer feed. No preformed polymer seed was used. The reaction was 
55 carried out at 48 °C with stirring at 400 rpm. The post-initiation monomer feed was started at the end of the first 2.5 hour 
polymerization period, and this feed was added at a substantially consistent addition rate over 30 minutes while the 
polymerization continued. The second charge of the initiator was added after the post-initiation monomer feed was 
charged, and the third charge of the initiator was added at the end of the f rfth hour of polymerization. The polymerization 
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was continued for 7 hours total, after which the reaction mixture was cooled to room temperature and the post-polym- 
erization additions were made and the end-product reaction mixture was stirred for additional 15 minutes. The final 
reaction mixture had an approximate viscosity of about 120 mPa • s (cps) Brookfield. The polymer produced had an 
Intrinsic Viscosity of 16.27 dl/g and a Reduced Specific Viscosity of 20.18 in 0.125 molar sodium nitrate solution. The 
s concentration of monomer residuals were about 1100 ppm acrylamide. and less than 100 ppm DMAEA.BCQ and 
DMAEA.MCQ. The reaction mixture components are set forth below in Table 4. 



Table 4 



10 


Ingredient 


Ingredient Component(s) 


Amount (grams) 




Initial Charge 




Dispersant dispersion 


Poly-DMAEAMCQ 


15.000 


15 




Water 


60.000 




Dl Water 


371.210 




Polyvalent salt 


Ammonium sulfate 
Gycerin 


140.000 
7.500 


20 




Benzyl alcohol 


0.500 




Acrylamide (47%) 


Acrylamide actives 


78.213 






Water 


88.197 


25 


DMAEA.BCQ (80%) 


DMAEA.BCQ actives 


116.704 




Water 


29.176 




DMAEA.MCQ (79.7%) 


DMAEA.MCQ actives 
Water 


33.641 
8.569 


30 




Versene 


0.300 




Initiator 


V-50 (1%) 


0.500 




In-production Charge 


35 


Acrylamide (47%) 


Acrylamide actives 


50.243 






Water 


56.657 




DMAEA.BCQ (80%) 


DMAEA.BCQ actives 


70.936 




n 


Water 


17.734 


40 


DMAEA.MCQ (79.7%) 


DMAEA.MCQ actives 


20.260 




m 


Water 


5.160 




Initiator 


V-50 (1%) 


1.500 


45 


Initiator 


V-50 (1%) 
Versene 


1.500 
0.200 




Total Reaction Mixture Prior To Post-Polymerization Additions; 


1,173.700 


50 


Post-polymerization Charge 


Salt 


Sodium sulfate 
Acetic acid 


55.000 
10.000 




Total Reaction Mixture After Post-Polymerization Additions: 


1,238.700 



55 

1 00 grams of the end-product dispersion provided by the reaction of this Example was filtered through a 40 mesh filter 
screen. 99.18 grams passed through this screen indicating that the weight percent of agglomerated substance in the 
end-product dispersion was only 0.8 weight percent. The torque on the stirring, and the reaction mixture viscosity (using 
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the #3 spindle at 12 rpm), versus time after the initiation of the polymerization are set forth below in Table 5. 



Tables 



5 


Time (hr;min) 


Torque (dyne-cm) 


Viscosity in mPa • s (cps 
Brookfield) 




0:00 


120 


12 




020 


158 




10 


0:45 


282 






0:59 


352 






1:30 


682 




15 


2:00 


920 






2:10 


21400 


5600 




2:30 


21400 




20 


3:00 


27200 




3:15 


27900 


13000 




4:00 


22700 






5:00 


20080 


8200 


25 


7:00 


1062 


3200 




7:20 


502 


120 



Comparative Example B 

30 

A 20 weight percent actives batch dispersion polymerization of an acrylarnide/DMAEA.BCQ/DMAEA.MCQ terpol- 
ymer (65/25/10 mole ratio) was conducted. No preformed polymer seed was used. The reaction was carried out at 45 
°C with stirring at 400 rpm, the reaction being initiated at this intended reaction temperature with the addition of the first 
aliquot of initiator. A second aliquot of initiator was added after four hours of reaction, and then the polymerization was 

35 continued for an additional eight hours. The polymerization was conducted for 12 hours total, after which the reaction 
mixture was cooled to room temperature and the post-polymerization additions were made and the end-product reac- 
tion mixture was stirred for additional 15 minutes. The final reaction mixture had an approximate viscosity of about 120 
mPa • s (cps) Brookf ield. The polymer produced had an Intrinsic Viscosity of 1 7.1 dl/g and a Reduced Specific Viscosity 
of 20.1 in 0.125 molar sodium nitrate solution. The concentration of monomer residuals were about 1700 ppm acryla- 

40 trade, less than 100 ppm DMAEA.BCQ and DMAEA.MCQ. The reaction mixture components and the torque on the stir- 
ring means at time intervals, and at times the reaction mixture viscosity (using the #3 spindle at 12 rpm), versus time 
after the initiation of the polymerization are set forth below in Tables 6 and 7. 



22 



EP 0 630 909 B1 



Table 6 



Comparative Example B 


Ingredients 


Amount (grams) 


Initial Charge 


Poly(DMAEA.MCQ) 20% actives 


15 


Dl Water 


146.2 


Ammonium sulfate 


45.9 


Glycerol 


1.8 


Acrylamide (100% actives) 


20.8 


DMAEA.BCQ (80% actives) 


38 


DMAEA.MCQ (80% actives) 


11.04 


V-50(1%) 


0.6 


Total Reaction Mixture At Time of Maximum Viscosity: 


279.34 


At Reaction Time = 4 Hours 


V-50 (1%) 


0.6 


At Rection Time = 12 Hours 


Ammonium Sulfate 


21.3 


Acetic Acid 


2.96 


Total Reaction Mixture 


304.2 



Table? 





Comparative Example B 




Time (hr;min) 


Torque (dyne-cm) 


Viscosity in mPa • s (cps BF) 




0:00 


380 


12 


40 


0:5 


412 






0:10 


450 






0:22 


> 3,820 


> 500,000 


45 


0:35 


> 4,020 


(exceeds Brookfield range) 




0:45 


> 3,820 






0:55 


> 3,426 






1:05 


> 3,463 




so 


1:40 


2,018 


16,000 




2:00 


1,926 






3:00 


1,930 




55 


4:00 


1,868 






12.00 


928 


5.600 




12:20 


462 


120 



23 



EP 0 630 909 B1 



Comparative Example QarxjD 



Two attempts to conduct a 30 weight percent actives batch dispersion polymerization of an acryla- 
mide/DMAEA. BCQ/DMAEA.MCQ terpolymer (65/25/10 mole ratio) were made. In Comparative Example C the reaction 

5 was carried out at 50 °C with stirring at 400 rpm, the reaction being initiated at this reaction temperature with the addi- 
tions of an initiator. After 1 hour 35 minutes of polymerization time, the reaction mixture viscosity rose to higher than 
100,000 mPa ■ s (cps Brookfield). The reaction mixture gelled 15 minutes later, and then after another 10 minutes the 
torque on the stirring means was so great that the stirrer motor burned out. The polymerization reaction was abandoned 
at that time. In Comparative Example D the polymerization of Comparative Example C above was repeated except that 

w the initial aliquot of initiator was decreased by about 40 percent the Dl water charge was slightly decreased and the 
reaction was conducted at 45 °C. The reaction mixture of this Comparative Example D also gelled and the reaction was 
abandoned after 2 hours of polymerization due to the gel formation. The reaction mixture constituents charged before 
the reactions were terminated, and the torque on the stirring means and reaction mixture viscosity (using the #3 spindle 
at 12 rpm) versus time after the initiation of the polymerizations, are set forth below in Tables 8 and 9 below for Com- 

75 parative Examples C and D. 



Table 8 



Comparative Examples C and D 


Ingredients 


Amount (grams) 


Initial Charge 




Comp. Ex. C 


Comp. Ex. D 


Poly(DMAEA.MCQ) 20% actives 


75 


75 


Dl Water 


400 


399 


Ammonium sulfate 


110 


110 


Glycerol 


9 


9 


Acrylamide (100% actives) 


104.01 


104.01 


DMAEABCQ (80% actives) 


190.17 


190.17 


DMAEA.MCQ (80% actives) 


54.32 


54.32 


V-50 (1%) 


5 


3 


Total Reaction Mixture Before Abandonment: 


947.5 


944.5 



40 

Table 9 



Comparative Examples C and D 


Time (hr;min) 


Comparative Example C 


Comparative Example D 




Torque (dyne-cm) 


Viscosity in mPa«s 
(cpsBF) 


Torque (dyne-cm) 


Viscosity in mPa • s 
(cpsBF) 


0:00 


240 


16 


522 


15 


0:5 






546 




0:10 






586 




0:15 


388 








022 






660 




055 






1.100 




0:45 






1,900 
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Table 9 (continued) 



Comparative Examples C and D 


Time (hr;min) 


Comparative Example C 


Comparative Example D 




To roue fdvne-cfrrt 


Viscositv in mPa * s 
(cpsBF) 


Torn up fdvnp-crrrt 


VicftnQrtv in mPa • c 
vio^fUoiLjr uiiiirci o 

(cpsBF) 


0:55 






2,420 




1:00 


448 








1:05 






29,200 


> 100,000 


1:15 


930 








1:20 


1,190 








1:30 


2,390 








1:35 


3,420 


> 100,000 






1:40 






3,960 




1:50 


3,920 


(gelled) 






2:00 


(motor burned) 




39,900 


(gelled) 



Definitions 



25 By "mer unit" is meant herein a segment of a polymer derived from a monomeric specie that contains two backbone 
carbons. 

"Versene" is a trademark of the Dow Chemical Corporation for a series of chelating agents based on ethylenedi- 
aminetetraacetic acid, and it is included in the polymerizations described in the Examples and Comparative Examples 
hereof as a monomer stabilizer. The specific Versene chelating agent used in the Examples and Comparative Exam- 
30 pies was Versene 50®. 

The polymer(s) employed in the present process and the polymer prepared thereby are water-soluble. The degree 
of water solubility required of a polymer to be considered a water-soluble polymer can of course vary among the tech- 
nical fields in which polymers are used. The degree of water solubility of an array of polymers might be defined in terms 
of the water solubilities of their monomers, the mole ratios of these monomers, the extent of any cross-linking or mer 

35 unit interactions, their conformations, their charge densities, their weight average molecular weights, their intrinsic vis- 
cosities, their reduced specific viscosities and combinations of these and like parameters. Defining a degree of water 
solubility of a class of polymers by one or more of such parameters at times may be cumbersome and of little value in 
those instances when the parameter(s) in issue are not known. For purposes of the present invention the degree of 
water solubility possessed by polymers described herein as "water-soluble" is preferably defined in terms of the viscos- 

40 ity of its aqueous solutions, regardless of whether or not the polymer is used in an aqueous solution. By "water-soluble 
polymer" is meant herein, and is understood generally in the water-treatment field, that an aqueous solution of the pol- 
ymer having a neutral pH value within the range of about 6 to about 7.5, at a polymer actives concentration no lower 
than about 0.5 or 1 weight percent, is reasonably fluid, and preferably has a viscosity of no more than about 5,000 to 
20,000 mPa«s (cps Brookfield), at ambient room temperature (from about 23 to about 26 °C). Such water solubility 

45 characteristic generally does not create a molecular weight or Intrinsic viscosity ceiling because even acrylamide 
homopolymers, substantially free of any electrolytic groups, meet such a standard at the high molecular weights that 
can now be provided by conventional synthesis techniques, provided the polymer is substantially linear. 

By the general terminology "soluble" is meant herein that a specie(s) is soluble in the respective fluid designated at 
least to the degree of its concentration as used therein in the application of the present inventioa 

so Unless expressly indicated otherwise herein, the inclusion of a prefix or suffix in parenthesis designates the word 
with such prefix or suffix as an alternative. For example, "pdymer(s)" means "polymer and/or polymers", "(meth)acry- 
lamide" means "acrylamide and/a methacrylamide". 

There is no need generally for the inclusion of any conventional surface active agent such as a surfactant or deter- 
gent in the process of the present invention for purposes of forming and/or retaining the polymer dispersion form. No 

55 such agent would generally be added except possibly as a post-polymerization addition for stabilization of the polymer 
dispersion, for instance upon dilution or in contemplation of destabilizing environmental impacts, and a post-polymeri- 
zation stabilization with a conventional surface active agent would nonetheless be an unpref erred embodiment of the 
present invention. The terminologies "conventional surface active agent", "conventional surfactant" "surface active 
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agent" and "surfactant" as used herein, and as generally understood in the present technical field, means a relatively 
low molecular weight chemical specie that has distinct hydrophilic and hydrophobic sections. Such agents are generally 
not polymeric except for sections thereof that have repeating alkoxy units, such as polyethylene oxide or polypropylene 
oxide sections. While a very broad definition of surface active agent may in some instances include polymers such as 

5 the water-soluble polymers used in the present invention, the terminology of conventional surface active agent does not 
include such polymers. As a generality, one can distinguish such species by molecular weight, and conventional surface 
active agents would not have molecular weight approaching 500,000, and even a molecular weight ceiling of 100,000. 
or 50,000, would be excessively high to define such agents. In preferred embodiment the polymerization reaction mix- 
ture used in the present invention does not include any surface active agent of less than 50,000 molecular weight other 

jo than the water-soluble polymers required to form and maintain the polymer dispersion form. 

Unless expressly indicated otherwise herein, percentages are percentages by weight and solutions are aqueous 
solutions. 

Claims 

75 

1 . A process for preparing a water-continuous dispersion of a water-soluble polymer that has not only a low end-prod- 
uct viscosity and permits rapid dissolution of the polymer in water but also provides control over the peak-in pro- 
duction viscosity parameter, the process comprising 

20 polymerizing a water-soluble monomer in an aqueous reaction mixture, containing a polyvalent anionic salt, at 

least one polymeric dispersant, optionally a low molecular weight polyhydric organic alcohol and optionally a 
preformed polymer seed, 

wherein said water-soluble monomer, said polyvalent anionic salt, said polymeric dispersant and said polyhy- 
dric organic alcohol, if any, are solutes of said aqueous reaction mixture, and said preformed polymer seed, if 
25 any, is insoluble in said aqueous reaction mixture, 

wherein the water-soluble polymer formed during said polymerization is insoluble in the aqueous reaction mix- 
ture at the concentration thereof formed during the polymerization, and 

wherein a portion of said monomer is fed to said aqueous reaction mixture after said polymerization reaction 
has been initiated. 

30 

2. The process of claim 1 wherein at least 5 weight percent of said water-soluble monomer is present in said aqueous 
reaction mixture when said polymerization is initiated, the remainder of said monomer being added to said aqueous 
reaction mixture during said polymerization. 

35 3. The process of claim 1 or 2 wherein said water-soluble polymer formed during said polymerization has a weight 
average molecular weight of at least about 1 ,000. 

4. The process of any of claims 1 to 3 wherein the concentration of said water-soluble monomer in said aqueous reac- 
tion mixture at the time said polymerization process is initiated is from 3 to 30 weight percent based on the total 

40 weight of said aqueous reaction mixture at the time of said polymerization, and 

wherein the remainder of said monomer is added to said reaction mixture within the first half of the total polymeri- 

zation reaction time period. 



5. The process of any of claims 1 to 4 comprising 

45 

polymerizing said water-soluble monomer feed in an aqueous solution of said polyvalent anionic salt in the 
presence of a water-soluble polymeric dispersant which is soluble in sad aqueous solution of a polyvalent ani- 
onic salt; 

wherein the conditions of said polymerization are sufficient to polymerize said monomer feed to a water-solu- 
so ble polymer that is insoluble in said aqueous solution of a polyvalent anionic salt; and 

wherein only a portion of said monomer feed is present in said aqueous solution of a polyvalent anionic salt 
when said polymerization is initiated, the remainder of said monomer feed being added to said aqueous solu- 
tion of polyvalent anionic salt during said polymerization process, and 

wherein said water-soluble polymeric dispersant and water-soluble polymer prepared by said polymerization 
55 process are both cationic polymers. 

6. The process of claim 5 wherein at least 5 weight percent of said monomer feed is present in said aqueous solution 
of a polyvalent anionic salt at the time polymerization thereof is initiated, and at least 1 5 weight percent of said mon- 
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omer feed is added to said aqueous solution of polyvalent anionic salt during said polymerization process. 

7. The process of claim 5 or 6 wherein said aqueous solution of polyvalent anionic salt contains at least a polymer- 
insolubility-threshold concentration of said monomer feed at the time said polymerization process is initiated 

5 whereby a concentration of said monomer feed that is equivalent to at least the minimum concentration of said 
monomer feed's polymeric reaction product at which precipitation of said polymeric reaction product will be seen in 
said environment of said aqueous solution of a polyvalent anionic salt at the time of said polymerization initiation. 

8. The process of any of claims 5 to 7 wherein said reaction mixture contains at least 3 weight percent of said mono- 
io mer feed at the time said polymerization is initiated. 

9. The process of any of claims 7 or 8 wherein said concentration of said monomer in said aqueous solution of a poly- 
valent anionic salt at the time of polymerization initiation is from n to 20 n, wherein n is said polymer-insolubility- 
threshold concentration for such monomer feed in said reaction mixture. 

15 

10. The process of any of claims 5 to 9 wherein said portion monomer feed added to said aqueous solution of a poly- 
valent anionic salt after said initiation of said polymerization is added within the first half of the total polymerization 
reaction time period and is fully added within a time period of from 0.025 m to 0.25 m, wherein m is said total time 
period of said polymerization reaction. 

20 

11. The process of any of claims 1 to 10 for preparing a water-continuous dispersion of a water-soluble cationic poly- 
mer by polymerizing a water-soluble monomer feed to form a water-soluble cationic polymer in an aqueous polym- 
erization mixture in which said water-soluble cationic polymer is not fully soluble, comprising: 

feeding said water-soluble monomer to said polymerization reaction mixture by a first and a second technique, 
said first technique being a batch technique comprising the addition of a portion of said water-soluble monomer 
to said aqueous polymerization mixture as an initial monomer feed before polymerization is initiated, 
said second technique being a post-initiation technique whereby a portion of said water-soluble monomer is 
added to said aqueous polymerization mixture as a post-initiation monomer feed, 
initiating said polymerization at a time when said initial monomer feed is present in said aqueous polymeriza- 
tion mixture, 

wherein said aqueous polymerization mixture is comprised of an aqueous solution of a polyvalent anionic salt, 
wherein said polymerization is carried out in said presence of a water-soluble cationic polymer which is soluble 
in said aqueous solution of a polyvalent anionic salt, 

continuing said polymerization during the time said post-initiation monomer feed is added to said polymeriza- 
tion reaction mixture, and 

terminating said polymerization when at least about 95 weight percent of said monomer has been converted 
to polymer. 

40 12. The process of claim 1 1 wherein a polyhydric alcohol in the amount of from 0 to 10 parts by weight per hundred 
parts by weight of said total monomer feed is present in said aqueous polymerization mixture when polymerization 
is initiated. 



The process of claim 1 1 Oder 12 wherein said polyvalent anionic salt is present throughout said aqueous polymer- 
ization mixture in an amount of from 15 to 20 percent by weight based on the total weight of said reaction mixture 
at any given point during said polymerization reaction. 

The process of any of claims 1 1 to 1 3 wherein said polymeric dispersant is present in said aqueous polymerization 
mixture in an amount of from 2 to 1 0 parts by weight per 1 00 parts by weight of said total monomers feed, and has 
a weight average molecular weight of at least about 50,000. 

The process of any of claims 1 1 to 14 wherein said water-soluble monomer feed contains at least 5 mole percent 
of a cationic monomer of formula I 

55 



30 



13. 

45 



14. 

50 
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Formula I 



wherein 



R t is H or CH3; 

R 2 and R 3 are each independently an alkyl group having 1 or 2 carbon atoms; 
20 A! is an oxygen atom or NH; 

Bj is an alkylene group having from 2 to 4 carbon atoms or a hydroxypropylene group and 
is a counter anion. 

1 6. The process of any of claims 11 to 1 5 wherein said polymeric dispersant is present in said aqueous polymerization 
25 mixture in an amount of from 2 to 1 0 parts by weight per 100 parts by weight of said water-soluble monomer feed. 

1 7. The process of any of claims 1 1 to 1 6 wherein said monomer feed is comprised of at least 5 mole percent of cati- 
onic monomer of said formula I and the balance of said monomer is acrylamide, methacrylamide, a cationic mon- 
omer other than said cationic monomer of said formula I or combinations thereof. 

30 

18. The process of any of claims 1 1 to 17 wherein said polymeric dispersant is comprised of at least 20 mole percent 
of cationic mer units. 

1 9. The process of any of claims 1 1 to 1 8 wherein said polymeric dispersant contains at least 20 mole percent of cati- 
35 onic mer units represented by formula I la 

h jy 



40 



\ 



I > 

c - c y- r, 
i 1 



O = C - A,' - B ; " - N© - R,' .X/ 6 

I 



50 Formula JIa 

wherein 

55 R^isH Oder CH 3 ; 

R 5 ' und R$ are each an alkyl group having 1 or 2 carbon atoms; 
Ry' is a hydrogen atom or an alkyl group having 1 to 2 carbon atoms; 
A2' is an oxygen atom or NH; 
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B2 is an alkylene group having from 2 to 4 carbon atoms or a hydraxypropylene group and 
is a counter anion. 

20. The process of any of claims 11 to 19 wherein said monomer feed is from 15 to 45 percent by weight based on the 
5 total weight of said polymerization reaction mixture at the time said polymerization is terminated, excluding post- 
polymerization additives. 

PaterrtansprQche 

10 1 . Verfahren zur Herstellung einer Dispersion eines wasseridslichen Polymers in Wasser afs kontinuierlicher Phase, 
wobei das Polymer nicht nur eine niedrige Endprodukt- Vlskositat aufweist und die schneile AuflOsung des Poly- 
mers in Wasser eriaubt, sondern auch den Spitzenweri des Vlskositatsparameters wahrend der Bildung kontrol- 
liert, wcbei das Verfahren umfaBt 

15 das Polymerisieren eines wasseridslichen Monomers in einer waBrigen Reaktionsmischung, die ein polyvalen- 

tes anionisches Salz, mindestens ein polymeres Dispergiermittel, gegebenenfalls einen organischen Polyhy- 
droxyalkohol mtt niedrigem Molekulargewicht und gegebenenfalls einen vorher gebildeten Polymer- Impfkeim 
enthait, 

wobei das genannte wasseriasliche Monomer, das genannte polyvalente anionische Salz, das genannte poly- 
20 mere Dispergiermittel und der genannte organische Polyhydroxyaikohol, falls vorhanden, in der genannten 

waBrigen Reaktionsmischung gelOste Stoffe sind und der genannte, vorher gebildete Polymer- Impfkeim, falls 
vorhanden, in der genannten waBrigen Reaktionsmischung unlOslich ist, 

wobei das wahrend der Polymerisation gebildete wasserldsliche Polymer in der waBrigen Reaktionsmischung 
bei der Konzentration, in der es wahrend der Polymerisation gebildet wird, unlOslich ist und 
25 wobei ein Teil des genannten Monomers der genannten waBrigen Reaktionsmischung zugefuhrt wird, nach- 

dem die Polymerisationsreaktion initiiert worden ist. 

2. Verfahren nach Anspruch 1, wobei mindestens 5 Gew.-% des genannten wasserlOsfichen Monomers in der 
genannten waBrigen Reaktionsmischung vorliegen, wenn die Polymerisation initiiert wird, und der Rest des 

30 genannten Monomers der waBrigen Reaktionsmischung wahrend der Polymerisation zugegeben wird. 

3. Verfahren nach Anspruch 1 oder 2, worin das genannte, wahrend der Polymerisation gebildete wasseriesliche 
Polymer ein gewichtsdurchschnittliches Molekulargewicht von mindestens etwa 1000 aufweist. 

35 4. Verfahren nach einem der Anspruche 1 bis 3, worin die Konzentration des genannten wasserlOslichen Monomers 
in der genannten waBrigen Reaktionsmischung zu dem Zeitpunkt, zu dem der Polymerisations-ProzeB initiiert 
wird, 3 bis 30 Gew.-% betragt, bezogen auf das Gesamtgewicht der waBrigen Reaktionsmischung zum Zeitpunkt 
der Polymerisation, und 

der Rest des genannten Monomers der genannten Reaktionsmischung innerhalb der ersten Haifte der gesamten 
<o Polymerisations-Reaktionsperiode zugegeben wird. 

5. Verfahren nach einem der Anspruche 1 bis 4, das umfaBt 



das Polymerisieren der genannten wasserlOslichen Monomer-Beschickung in einer waBrigen L6sung des 
45 genannten polyvalenten anionischen Salzes in Gegenwart eines wasserlSslichen polymeren Dispergiermittels, 

das in der genannten waBrigen Ldsung eines polyvalenten anionischen Salzes IGsIich ist; 
wobei die Bedingungen der Polymerisation ausreichen, urn die genannte Monomer-Beschickung zu polymeri- 
sieren unter Bildung eines wasseridslichen Polymers, das in der genannten waBrigen Lflsung eines polyvalen- 
ten anionischen Salzes unldslich ist; und 
so wobei nur ein Teil der genannten Monomer-Beschickung in der genannten wSBrigen LOsung eines polyvalen- 

ten anionischen Salzes vorliegt, wenn die genannte Polymerisation initiiert wird, und der Rest der genannten 
Monomer-Beschickung der genannten waBrigen LOsung des polyvalenten anionischen Salzes wahrend des 
Polymerisationsprozesses zugegeben wird, 

wobei das genannte wasserlOsliche polymere Dispergiermittel und das wasserl&sliche Polymer, das durch den 
55 genannten Polymerisations-ProzeB hergestellt wird. beide kationische Polymere sind. 

6. Verfahren nach Anspruch 5, worin mindestens 5 Gew.-% der genannten Monomer-Beschickung in der genannten 
waBrigen Ufeung eines polyvalenten anionischen Salzes zu dem Zeitpunkt vorliegen, zu dem die Polymerisation 
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derseben initiiert wird, und mindestens 15 Gew.-% der genannten Monomer-Beschickung der genannten waBri- 
gen Lasung des polyvalenten anionischen Salzes wahrend des Polymerisationsproz esses zugegeben werden. 

7. Verfahren nach Anspruch 5 Oder 6, worm die genannte waBrige LOsung des polyvalenten anionischen Salzes min- 
5 destens eine F^lymer-UnlMchketeSchwdlenwert-Konzentration der genannten Monomer-Beschickung zu dem 

Zeitpunkt, zu dem der PolymerisationsprozeB initiiert wird, und dadurch eine Konzentration der genannten Mono- 
mer-Beschickung enthait, die mindestens der Minimal-Konzentration der Monomer-Beschickung in dem polymeren 
Reaktionsprodukt entspricht, bei der eine Ausfailung des genannten polymeren Reaktionsprodukts in der Umge- 
bung der genannten waBrigen LOsung eines polyvalenten anionischen Salzes zum Zeitpunkt der Initiierung der 
io Polymerisation sichtbar wird. 

8. Verfahren nach einem der AnsprQche 5 bis 7, worin die genannte Reaktionsmischung mindestens 3 Gew.-% der 
genannten Monomer-Beschickung zu dem Zeitpunkt enthait zu dem die Polymerisation initiiert wird. 

is 9. Verfahren nach einem der AnsprQche 7 oder 8, worin die genannte Konzentration des genannten Monomers in der 
genannten waBrigen LOsung eines polyvalenten anionischen Salzes zum Zeitpunkt der Initiierung der Polymerisa- 
tion n bis 20 n betragt, wobei n die Polymer-UnlOslichkeits-Schwellenwert-Konzentration fflr eine solche Monomer- 
Beschickung in der genannten Reaktionsmischung ist. 

20 10. Verfahren nach einem der AnsprQche 5 bis 9, worin der genannte Anteil der Monomer-Beschickung, welcher der 
genannten waBrigen LOsung eines polyvalenten anionischen Salzes zugegeben wird, nachdem die Initiierung der 
Polymerisation durchgefOhrt worden ist, innerhalb der ersten Haifte der gesamten Polymerisations-Reaktionszeit 
zugegeben wird und innerhalb eines Zertraums von 0,025 m bis 0,25 m vollstandig zugegeben wird, wobei m die 
gesamte Reaktionsdauer fOr die Polymerisationsreaktion ist. 

25 

1 1 . Verfahren nach einem der AnsprQche 1 bis 1 0 zur Herstellung einer Dispersion eines wasserlOslichen kationischen 
Polymers in Wasser als kontinuierlicher Phase durch Polymerisieren einer wasserlOslichen Monomer-Beschickung 
unter Bitdung eines wasserlOslichen kationischen Polymers in einer waBrigen Polymerisationsmischung, in der das 
genannte wasserlOsiiche kationische Polymer nicht vollstandig lOsiich ist, wobei das Verfahren umfaBt: 

30 

die Zufuhrung des genannten wasserlOslichen Monomers zu der genannten Polymer isationsreaktionsmi- 
schung nach einer ersten und einer zweiten Methode, 

wobei die genannte erste Methode eine Batch-Methode ist, die umfaBt die Zugabe eines Teils des genannten 
wasserlOslichen Monomers zu der genannten waBrigen Polymerisationsmischung als anfangliche Monomer- 

35 Beschickung, bevor die Polymerisation initiiert wird, und 

die zweite Methode eine Methode nach der Initiierung ist, wodurch ein Teil des genannten wasserlOslichen 
Monomers der genannten waBrigen Polymerisationsmischung als Monomer-Beschickung nach der Initiierung 
zugegeben wird, das Initiieren der Polymerisation zu dem Zeitpunkt, wenn die genannte anfangliche Mono- 
mer-Beschickung in der genannten waBrige Polymerisationsmischung vorliegt, 

40 wobei die genannte waBrige Polymerisationsmischung aus einer waBrigen LOsung eines polyvalenten anioni- 

schen Salzes besteht, 

die genannte Polymerisation in Gegenwart eines wasserlOslichen kationischen Polymers durchgefOhrt wird, 
das in der genannten waurigen Losung eines polyvalenten anioniscnen Salzes losiicn ist, 
die genannte Polymerisation wahrend der Zeit, wahrend der die Monomer-Beschickung nach der Initiierung zu 
45 der genannten Polymerisationsreaktionsmischung zugegeben wird, fortgesetzt wird, und 

die Polymerisation beendet wird, wenn mindestens etwa 95 Gew.-% des Monomers in das Polymer umgewan- 
deft worden sind. 

12. Verfahren nach Anspruch 1 1, worin ein Polyhydroxyalkohol in einer Menge von 0 bis 10 Gew.-Teilen auf 100 Gew.- 
so Teile der gesamten Monomer-Beschickung in der genannten waBrigen Polymerisationsmischung vorhanden ist, 

wenn die Polymerisation initiiert wird. 

13. Verfahren nach Anspruch 11 oder 12, worin das genannte polyvalente anionische Salz innerhalb der gesamten 
waBrigen Polymerisationsmischung in einer Menge von 15 bis 20 Gew,-%, bezogen auf das Gesamtgewicht der 

55 Reaktionsmischung, zu einem gegebenen Zeitpunkt wahrend der Polymerisationsreaktion vorliegt. 

14. Verfahren nach einem der AnsprQche 11 bis 13, worin das genannte polymere Dispergiermittel in der genannten 
waBrigen Polymerisationsmischung in einer Menge von 2 bis 10 Gew.-Teilen auf 100 Gew. -Teile der gesamten 
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Monomer-Beschickung vortiegt und ein gewichtsdurchschiiittliches Molekulargewicht von mindestens etwa 50 000 
aufweist 

15. Verfahren nach einem der Anspruche 1 1 bis 14, worin die genannte wasserfdsliche Monomer-Beschickung minde- 
s stens 5 Mol-% eines kationischen Monomers der Formel (I) enthalt 



20 



45 



50 



55 



CHj, =■ C - * R, 




.X© 



Formel (I) 



worin bedeuten: 



R-i HoderCH 3 ; 

R2 und R 3 jeweils unabhangig voneinander eine Alkylgruppe mit 1 Oder 2 Kbhienstoffatomen; 

ein Sauerstoffatom oder NH; 
Bi eine Alkylengruppe mit 2 bis 4 Kohlenstoffatomen oder eine Hydroxypropylengruppe und 

25 X} 9 ein Gegenanion. 

16. Verfahren nach einem der Anspruche 1 1 bis 15. worin das genannte polymere Dispergiermittel in der genannten 
waBrigen Polymerisationsmischung in einer Menge von 2 bis 10 Gew.-Teilen auf 100 Gew.-Teile der genannten 
wasserldslichen Monomer-Beschickung vorliegt. 

30 

17. Verfahren nach einemder Anspruche 1 1 bis 16, worin die genannte Monomer-Beschickung aus mindestens 5 Mol- 
% des kationischen Monomers der genannten Forme! (I) besteht und der Rest der genannten Monomer-Beschik- 
kung aus Acrylamid, Methacrylamid, einem von dem genannten kationischen Monomer der Formel (I) verschiede- 
nen kationischen Monomer oder Kombinationen davon besteht 

35 

18. Veriahren nach einem der Anspruche 11 bis 1 7, worin das genannte polymere Dispergiermittel aus mindestens 20 
Mol-% kationischen Mer-Einherten besteht. 

1 9. Verfahren nach einem der Anspruche 1 1 bis 1 8, worin das genannte polymere Dispergiermittel mindestens 20 Mol- 
40 % kationische Mer-Einheiten der Formel (lla) enthalt: 



-fi Rr- 



*5 
t 



- C - C 

0 = i - V - » i - # - V ^ 



Formel (lla) 



worin bedeuten: 

R4* HoderCHa; 
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R 5 ' und jeweits eine Alkylgruppe mit 1 Oder 2 Kohlenstoffatomen; 

R 7 * ein Wasserstoffatom oder eine Alkylgruppe mit 1 bis 2 Kohlenstoffatomen; 

A^ ein Sauerstoffatom oder ISIH; 

B2* eine Alkylengruppe mit 2 bis 4 Kohlenstoffatomen oder eine Hydroxypropylengruppe und 

5 XV 9 ein Gegenanion. 

20. Verfahren nach einem der AnsprOche 1 1 bis 19, worin die genannte Monomer-Beschickung 15 bis 45 Gew.-% des 
Gesamtgewichts der Polymerisationsreaktionsmischung zum Zeitpunkt der Beendigung der Polymerisation, aus- 
genommen die Zusdtze nach der Polymerisation, ausmacht . 

w 

Revendicatlons 

1 . Precede pour la preparation d'une dispersion dans de I'eau en tant que phase continue d*un polymere soluble dans 
I'eau, le polymere presentant non seulement une basse viscosite de produit final et permettant une dissolution 

is rapide du polymere dans I'eau, mais contrdlant egalement la valeur de pointe du parametre de viscosity lors de la 
formation, le proceed comprenant 

la polymerisation d'un monomere soluble dans I'eau dans un melange aqueux de reaction comprenant un sei 
anionique polyvalent, au moins un agent dispersant polymere, eventuellement un polyalcool organique avec 
20 un bas poids moieculaire, et Eventuellement un germe de polymere pr6forme\ 

ledit monomere soluble dans I'eau, ledit sel anionique polyvalent, ledit agent dispersant polymere et ledit poly- 
alcool organique, si present, etant des solutes dudit melange aqueux de reaction, et ledit germe de polymere 
preforme, si present, etant insoluble dans ledit melange aqueux de reaction, 

le polymere soluble dans I'eau forme" au cours de ladite polymerisation 6tart insoluble dans le melange aqueux 
25 de r6action a la concentration du polymere form6e au cours de la polymerisation, et 

une portion dudit monomere 6tant ajout6e audit melange aqueux de reaction apres Tinitiation de ladite reaction 
de polymerisation. 

2. Proc6d6 selon la revendication 1 , dans iequel au moins 5% en poids dudit monomere soluble dans I'eau sont pre- 
30 sents dans ledit melange aqueux de reaction lorsque ladite polymerisation est initiee, le restart dudit monomere 

etant additionne audit melange aqueux de reaction au cours de ladite polymerisation. 

3. Proc6d6 selon la revendication 1 ou 2, dans Iequel ledit polymere soluble dans I'eau forme au cours de ladite poly- 
merisation a un poids moieculaire moyen ponderal d'au moins environ 1000. 

35 

4. Precede selon Tune quelconque des revendications 1 a 3, dans Iequel la concentration dudit monomere soluble 
dans I'eau dans ledit melange aqueux de reaction au moment ou ledit precede de polymerisation est initie range 
de 3 a 30% en poids par rapport au poids total dudit melange aqueux de reaction au moment de ladite polymeri- 
sation, et 

40 dans Iequel le restart dudit monomere est ajoute audit melange de reaction pendant la premiere moitie de la 
periode totale de reaction de polymerisation. 



5. Precede selon I'une quelconque des revendications 1 a 4, comprenant la polymerisation de ladite charge en mono- 
mere soluble dans I'eau dans une solution aqueuse dudit sei anionique polyvalent en presence d'un dispersant 

45 polymere soluble dans I'eau qui est soluble dans ladite solution d'un sel anionique polyvalent; 

dans Iequel les conditions de ladite polymerisation sont suff isartes pour polymeriser ladite charge en monomere 
en un polymere soluble dans I'eau qui est insoluble dans ladite solution aqueuse d'un sel anionique polyvalent; et 
dans Iequel seulement une portion de ladite charge en monomere est presente dans ladite solution aqueuse d'un 
sel anionique polyvalent lorsque ladite polymerisation est initi6e, le restart de ladite charge en monomere etant 

so ajoute £ ladite solution aqueuse d'un sel anionique polyvalent pendant ledit precede de polymerisation, et 

dans Iequel (edit dispersant polymere soluble dans I'eau et ledit polymere soluble dans I'eau forme par ledit pro- 
cede de polymerisation sont tous les deux des polymeres cationiques. 

6. Precede selon la revendication 5. dans Iequel au moins 5% en poids de ladite charge en monomere sort presents 
55 dans ladite solution aqueuse d'un sel anionique polyvalent au moment ou sa polymerisation est initiee, et au moins 

15% en poids de ladite charge en monomere sont ajoutes a ladite solution aqueuse d'un sel anionique polyvalent 
pendant ce precede de polymerisation. 
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7. Procede selon la revendication 5 ou 6, dans lequel ladite solution aqueuse d'un sel anionique polyvalent contient 
au moins une concentration de seuil de finsolubilite du polymere de ladite charge en monomere au moment ou 
ledrt proc6d6 de polymerisation est initio par laquelle une concentration de ladite charge en monomere est pr6- 
sente, qui correspond a au moins la concentration minimal e du produit de reaction polymere de ladite charge en 

5 monomere lors de laquelle une precipitation dudit produit de reaction polymere apparalt dans ledit environnement 
de ladite solution aqueuse d'un sel anionique polyvalent au moment de initiation de la polymerisation. 

8. Proc6d6 selon Tune quelconque des revendications 5 a 7, dans lequel ledit melange de reaction contient au moins 
3% en poids de ladite charge en monomere au moment de initiation de ladite polymerisation. 

10 

9. Proc6d6 selon I'une quelconque des revendications 7 ou 8, dans lequel ladite concentration dudit monomere dans 
ladite solution aqueuse d'un set anionique polyvalent au moment de Initiation de la polymerisation est de n a 20 
n, n etant ladite concentration de seuil de 1 insolubility du polymere pour une telle charge en monomere dans ledit 
melange de reaction. 

is 

1 0. Proc6de selon I'une quelconque des revendications 5 a 9, dans lequel ladite portion de charge en monomere ajou- 
t6e a ladite solution aqueuse d'un sel anionique polyvalent apres ladite initiation de ladite polymerisation est ajou- 
tee pendant la premiere moitie de la p6riode totale de reaction de polymerisation et est ajoutee au total pendant 
une periode de 0,025 m a 0,25 m, m etant ladite periode totale de ladite reaction de polymerisation. 

20 

11. Procede selon Tune quelconque des revendications 1 a 10 pour la preparation d'une dispersion dans de I'eau en 
tant que phase continue d'un polymere cationique soluble dans I'eau en po)ym6risant une charge en monomere 
soluble dans I'eau pour former un polymere cationique soluble dans I'eau dans un melange aqueux de polymerisa- 
tion, dans lequel ledit polymere cationique soluble dans I'eau n'est pas complement soluble, le procede compre- 
ss nant: 

I'addition dudit monomere soluble dans I'eau audit melange de reaction de polymerisation selon une premiere 
et une deuxiSme technique, 

ladite premiere technique etant une technique de traitement par lots (batch) qui comprend I'addition d'une por- 
30 tion dudit monomere soluble dans I'eau audit melange de polymerisation soluble dans I'eau en tant que charge 

initiate de monomere avant ('initiation de la polymerisation, et 

la deuxieme technique etant une technique apres I'initiation, selon laquelle une portion dudit monomere solu- 
ble dans I'eau est ajoutee audit melange aqueux de polymerisation en tant que charge en monomere apres 
I'initiation, 

35 ('initiation de la polymerisation au moment ou iadite charge initiate de monomere est presente dans ledit 

melange aqueux de polymerisation, ledit melange aqueux de polymerisation etant constitue par une solution 
aqueuse d'un sel anionique polyvalent, 

ladite polymerisation etant effectu6e en presence d'un polymere cationique soluble dans I'eau qui est soluble 
dans ladite solution aqueuse d'un sel anionique polyvalent, 
40 ladite polymerisation etant continu6e durant la periode de temps pendant laquelle la charge en monomere 

apres initiation est ajoutee audit melange de reaction de polymerisation, et 

la polymerisation etant termin6e lorsqu'au moins environ 95% en poids du monomere ont ete convertis en 
polymere. 

45 12. Proc6de selon la revendication 11, dans lequel un polyalcool est present dans une quantite de 0 a 10 parts en 
poids par rapport a 100 parts de ladite charge totale de monomere dans ledit melange aqueux de polymerisation 
lorsque la polymerisation est initi6e. 

13. Procede selon la revendication 11 ou 12, dans lequel ledit set anionique polyvalent est present partout dans le 
so melange aqueux de polymerisation dans une quantite de 15 a 20% en poids par rapport au poids total dudit 

melange de reaction a n'importe quel moment donne durant ladite reaction de polymerisation. 

14. Procede selon i'une des revendications 1 1 a 13, dans lequel ledit agent dispersant polymere est present dans ledit 
melange aqueux de polymerisation dans une quantite de 2 a 1 0 parts en poids par rapport a 1 00 parts en poids de 

55 la charge totale de monomere et a un poids moieculaire moyen pond£ral d'au moins environ 50 000. 

15. Procede selon Tune quelconque des revendications 1 1 a 14, dans lequel ladite charge en monomere soluble dans 
I'eau contient au moins 5% en poids moieculaire d'un monomere cationique de la formule (I): 
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formule (I) 



15 

dans laquelle 

Ri est H ou CH 3 , 

R2 et R 3 sort chacun independamment un groupe alkyle avec 1 ou 2 atomes de carbone, 
20 A 1 est un atome d'oxygene ou NH, 

B 1 est un groupe atkylene avec 2 a. 4 atomes de carbone ou un groupe hydroxypropylene et 
Xt 0 est un contre-anion. 

16. Procede selon I'une quelconque des revendications 11 ^ 15. dans lequel ledit dispersant polymere est present 
25 dans ledit melange aqueux de polymerisation dans une quantity de 2 a. 1 0 parts en poids par rapport k 100 parts 

en poids de ladite charge en monomere soluble dans I'eau. 

17. Procede selon Tune quelconque des revendications 1 1 & 16, dans lequel ladite charge en monomere consiste en 
au moins 5% en poids moleculaire de monomere cationique de ladite formule I et le restart dudit monomere est 

30 constitu§ par I'acrylamide, le mSthacrylamide, un monomere cationique different dudit monomere cationique de la 
formule (I) ou leurs combinaisons. 

18. Procede selon Tune quelconque des revendications 1 1 a. 17, dans lequel ledit dispersant polymere est constitue 
par au moins 20% de poids moleculaire d'unites -meres cationiques (cationic mer units). 

35 

19. Procede selon I'une quelconque des revendications 11 & 18, dans lequel ledit dispersant polymere contient au 
moins 20% en poids moleculaire d'unites -meres cationiques representees par la formule Ha 



40 H R/ 

i 1 

— ^ — c _ c i 

0 = -C - V - B • - K© - h' 

1 

50 

formule (Ha) 



55 dans laquelle 



R 4 ' est Hou CH 3 

R 5 ' et Rg' sort chacun un groupe alkyle ayant 1 ou 2 atomes de carbone, 
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R/ est un atome cfhydrogene ou un groups alkyfe ayant 1 a 2 atomes de carbone, 
Ag' est un atome (foxygfcne ou NH, 

E^' est un groupe alkyle ayant 2 a 4 atomes de carbone ou un groupe hydroxypropy1£ne et 
X^ 9 est un contre-anion. 

20. Proc6de selon Tune quelconque des revendications 11 a 19, dans lequel ladite charge en monom&re est de 15 a 
45% en poids par rapport au poids total dudit melange de reaction de polymerisation au moment ou ladite polyme- 
risation est terminfe, excluant des adcfrtifs aprfes polymerisation. 
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